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57 ABSTRACT

A first memory of a large storage capacity 1s connected to a
DQ pad for mputting and outputting an 1information signal
through a bus interface unit. A first bidirectional transfer
circuit and a second bidirectional transfer circuit for bidi-
rectionally transmitting an information signal are provided
between a high-speed memory and the memory of the large
storage capacity. The first bidirectional transfer circuit is
connected with the large storage capacity memory through
a common bus, and the high-speed memory 1s intercon-
nected with the second transfer circuit through a fifth bus.
This second bidirectional transfer circuit 1s connected to an
instruction register and a data register through a sixth bus. A
processor 1s arranged 1n proximity to this imstruction register
and the data register, so that the processor processes an
instruction from the instruction register and data from the
data register and stores a processing result in the data
register again. The bus interface unit 1s interconnected with
the DQ pad through a first bus, and interconnected with the
mass storage capacity memory through the second bus. The
first and second bidirectional transfer circuits are intercon-
nected with each other through a fourth bus. By arranging
the respective buses i1ndependently of each other
respectively, the processor can execute processing internally
through an available bus during information signal trans-
mission 1n an €Xterior.

19 Claims, 21 Drawing Sheets

I
|
|
|
|
|
N
|—L
O
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
)
|
|
|
}
I
|
|

A I TN I S OGS B S SOEE SO BN B O el R e ek bk ol siep ohis Ay e oy s S aaw anis Bl S

EXTERNAL DATA BUS



U.S. Patent Dec. 5,2000 Sheet 1 of 21 6,157,973

FIG.1 PRIORART

_______________________________________ o
1d
SMETIC '
ARI
REGISTER 5
UNIT GROUP 3
MAIN
INTERFACE MEMORY

L-—-—-—-————u-—l-q-p-_—q—— Mgl o . . . aE . S S S Sy B e .

1e
CACHE
CONTROLLER MEMORY
1b 1a

winhlh milk mos G e skl S ik s wkis Sy TS S S S S DS DI IS DS DD I S DI DI DI I DI B SIS G AN B G I . S D ----------_--___—_—_-—---—ﬂ-q

ARISMETIC MAIN
HEGISTEH
- CACHE 2
A
CONTROLLER| IEMORY! [INTERFACE UNIT
ib 1a

EXTERNAL DATA BUS

. R ek Ty W A T AT BT T B B A G AN I S P A W S il wike- e ST T e e B
lam mpE Ny T A T EE S S S S A e ol e b bkl ol mber wile bew e wew slew wmlr s s



6,157,973

Sheet 2 of 21

Dec. 5, 2000

U.S. Patent

SN8 TYNY3L1X4

_ 02
—— s S
_ 8¢
|
_ ot _
_ Om SNg aMa _
_ |
_ |
_ sSNg 189S SNg :_m _
_ |
| gyQ |
_ sne :n_o v sng gNa 92| "
" o¢ O¢ |
| G¢e sSNg 019 "
Filllilllllmmmnml._.l_ lllllllllllllllllllllllllllllllllllll N



6,157,973

Sheet 3 of 21

Dec. 5, 2000

U.S. Patent

1%

Gt
o
| 8¢
ve-[Wws
!
L ]
sng g11 8¢}

SNY 940

g40
Ot

IS

avd 0d

22— SNd 84

Q¢ bz Ol
Wvad J< i

SNg 019  sSN8NIY
€2

v Old



U.S. Patent Dec. 5,2000 Sheet 4 of 21 6,157,973

FIG. S
LOAD REQUEST
' TO .
BIU23 VALID
| | I
GIO BUS ~ VALID
28 : |
; <=1 BIU—>DRAM —>GIO BUS
I
ITB3 5Bus | . VALID
: <<>__DRB—>MRB —>ITB BUS
| T2 '
IR, DR VALID
449 46 __ITBBUS —IR, DR
:{ITB BUS AVAILABLE |
. T3
< s
' CPU BUS AVAILABLE
T4
STORE REQUEST
TO
DR50 VALID
! | '
MwB38 ' | X VALID
T
DwWB42 | | VALID
T2
GIO BUS = | ( VALID
28 | . |
I - T3 | !
DRAM ~ ' VALID
20 : : | |
| : T4 : |
BlU23 - Y VALID
| ' v
; I TS |
- . T6
: , <—GlO BUS AVAILABLE
I

ITB BUS AVAILABLE
CPU BUS

FIG. ©



U.S. Patent

FIG. 7

Dec. 5, 2000 Sheet 5 of 21

10
: ;
3 D:I
D O
-
- -
— O
N ——
— M & ‘gia
O MO =
joan [ pd fed

6,157,973



6,157,973

Sheet 6 of 21

Dec. 5, 2000

U.S. Patent

FIG. 8

Iha Zhia

OTRR




U.S. Patent Dec. 5,2000 Sheet 7 of 21 6,157,973

FIG.9
I
N N
__________________________ Zlia
EID\ i
- HETs Te K |
QUSSR ATCH -
: I ) AMPLIFIER
(128 BITS | /o) P A
ARG e e AT A TIME)
i 5 ﬁ V6
i /: } : —ILAa L AB
. JLCH:-{--~= vz
MUX ¢ ISEL
IR]
o : . |
1ISG — lj—<¢ g

IRBj:TO PROCESSOR 52

/

INSTRUCTION BUS LINE



6,157,973

Sheet 8 of 21

Dec. 5, 2000

U.S. Patent

¢< S5SN8 8d cZNI8
I O N N N O
lnlll lll-I

_-----_
cbag Ill Il 2680

Nomm Hmomm mowm vOS8 €958 Nomm _omm Oomm _

socp L- rlll ot
obgp 1bg g
1 N T I

._-I._-Il_-ll_-ll_-I'_-I._._.. HAGE

i _: 0 m Ow m\. ¢ w m v N.m m_ m h
vig|-- |V 19|V 19|V 18{{V 18|--- |V 18||\ 7 18jv 19| (V19w 18- [V 18[v19]--- v 18|V 18| -- (v 18|V 18|--- [v 18

a4l

LelNg —

ong -
2 SNg NIg

Ol 914



U.S. Patent Dec. 5,2000 Sheet 9 of 21 6,157,973

BUi PBY
— _\@TRBra (128 BITS AT A TIME)

; — =)

I _ IVB _} +—BLAra
| ® ®

g

BUig

ZBUia

BDA @TRBrb

BLArb

- ({6 BITSATA TIME)
DBBj

OBsrw

PBgw
(16 BITS AT A TIME)

i
' (128 BITS AT A TIME)
|l | ATCH AMPLIFIER CIRCUIT

OTRBw
(128 BITS AT A TIME)



U.S. Patent Dec. 5, 2000 Sheet 10 of 21 6,157,973

FIG.12

DRﬁMQG

BIU BUS - ~ GIO BUS

DRAM ARRAY PART |B

PORT PORT

24 28

26a 20C 20D

FIG.13

GIO BU_S:. _______________ __DRB30 SBL BUS

60 62

AMPLIFIER TRANSFER
LATCH BUFFER

28

-
!
(
|
I
!
{
(
;
i
I
[
I
I
I
I
I

AMPLIFIER ; 30

¢ DBITB

_
|

|

I

k
|
'
|
|
|
)
i
]

|

|

|

|

|

|
-

ITB BUS

r-——-—-——--—-—--———-- T W TWey T Oy S WA T TE W T O T T I T S Guay r--————l—-—-— ey s e = sk ey gk —— siall JEL. EEN AN S LN AN I I S A S A A A Sk e sy

—
>
_.|
®;
L
;)
> L
— P
M Z
3
mE
M
e
¢ —1
> 1
— >
M Z
@p.
T
m
)

__________________________________ - L e e e o e e o e e = e e e A EE  E e e o v e f o am e e e o]



U.S. Patent Dec. 5, 2000 Sheet 11 of 21 6,157,973

F1G. 14
@PDPAE >—
Ve Vee |
] Q4
| |
[ Qt |
' |
' |
I
1 1Q2 :’"GOb
|
| |
GIOi>—--[ Q3 <ZGIOi
| l
600+ |
| |
L _ 2 A
IV20
ZDRB DRB
- >Vec |
I
: ~62
PZDRTE Q20 ,
|
|
| N5
| Q21 Q24 <
~ DRO N6 N7 -ZDRO
| |
, n H
| Q22 | Q23 Q26 |Q25
DRB30 | |




U.S. Patent Dec. 5, 2000 Sheet 12 of 21 6,157,973

FIG. 15




U.S. Patent Dec. 5, 2000 Sheet 13 of 21 6,157,973

FIG. 16

Ii
(ITB BUS LINE)

|
: o >— > . —>ZSBL|
|
: V3l 1v32 | 7
| q > , 7> SBLI
| L]
o Iv33 T
PSWDEL
FIG. 17 PSSAE
66 R
~ 132

SELECTIONL ! X
ORO LATCH GATE [ —SBL BUS

!
| I
|

64a 04
AMPLIFIER L o _

TRANSFER |_
68b~ ' " GATE PDBTB

68a

35

MRB25 ITB BUS




U.S. Patent Dec. 5, 2000 Sheet 14 of 21 6,157,973

FIG. 18
- T T T~ — 7
i 64b |
LSO: :
SELECTOR LEVEL
DRO GATE SHIFTER SBL BUS
“““““““““ ~ - "‘“64

AMPLIFIER |-68a ¢ZSSAE PSSAE
TRANSFER |_gqp
GATE MRB 36

TO ITB BUS
FIG. 19 Vee
¢ZSSAE Q50 64c
N17

Q52 PEQ Q51

ZSBLi >— 1 @53 J——<sBLi

N1S

Z1L.SOi L SOi

Q58 Q56

@zSSAE>—| " l——<@zssaE



U.S. Patent

Dec. 5, 2000 Sheet 15 of 21

FIG. 20 ~ DQ PAD

e

124 128 BIU BUS

80 DRB/DW TSN
B . GIO BUS

" Kizs ows Bus

i
Jlll >
\
\

DRB BUS 128}

)
132—4fipg 13-4 [-140
85 MRB/MWB

135
128X'1TB BUS

\\\\\\\\\\\{\\\w
N
\

\
\
N

MUY AT RN Y%

\

CPU 592

6,157,973

26

X,
0

R % % % %\ § |\ N



6,157,973

Sheet 16 of 21

Dec. 5, 2000

U.S. Patent

h

POJd

PEZ P92 P08 - PYE - PS8 - P9y m_mm..w_“...._u.............................." o9p - 968~ I 008~ 092~ 2£7¢
n1g| WVHA |GMA [ WYHS m>>_>_ cS amMiN | WvHS | ama | NvHA NG
W2 |/94a M8 \mms_ BQ oGeEL /a4 M8 1/a4dd NZ
.E.E pOS | | oe0st~ [
- F’m

UﬁN s

l!. .:. -

U

NddD |- ||.~|| NN

AN AN
?ffffffqufﬂ _uw# | 0811 Fm.fwfffffffﬁ O (]
P8ZL \ pogl WV~ ozgl [ 98CH owmv
PoL| Job i

s _I_l
a# |
WAy,

dcce

b AVHA |ama
M8 ™" vz |/a4a

ga

a6t

F“r‘.‘""’g Y

'4!

A8 [/8HdIN

AVHS mgzg asel

gz ~-99¢ -d08 - are

A T e I B6E |
ggel | d0EL  _qop [ | egp.. B2EL | eQZ| _ _ evel -

Q0G|

?‘r

d31T1041NQD
AHOWIN

"\'E:

’."u

B0G | E le,fffﬂﬂfﬂfﬂﬂ e0d
'.
”4 _
....... .ﬁm‘w e
mmiu
mmmr dMIN | INVHS | GMNMA | NVHC nial /7
\m_m_z

N8 (/add WZC 70
qs8 ~qrd eyy -~ BGB-~ EYE-~ BQ8-~ B9Z -~ EBLC

002

Olc

YA =




6,157,973

Sheet 17 of 21

Dec. 5, 2000

U.S. Patent

1INOYID
ddAldd

LiNOHIO
ddAIHd

LiNO"IO
ddAIHd

1l d1dd

1iNOHIO

NOILVHINID MO010

c¢ Dl




U.S. Patent Dec. 5, 2000 Sheet 18 of 21 6,157,973

FIG. 23
CLK

\
I i

COMMAND '
o

CONTROL SIGNAL

DRIVER CIRCUIT
OUTPUT

)
IDENTICAL IN ALL
DRIVER CIRCUITS

commano X+ X1/ /)//

CONTROL SIGNAL

DRIVER CIRCUIT
OUTPUT



U.S. Patent Dec. 5, 2000 Sheet 19 of 21 6,157,973

FIG.26
200
SRAM SRAM
34a I ARRAY PART ARRAY PART I 34b
210a~+{ DRIVER CIRCUIT DRIVER CIRCUITH-210b
. MRB/MWB : ' MRB/MWE :
 ARRANGEMENT ; . ARRANGEMENT
511 -]_|SRAM CONTROLLING| [\
LOGIC GENERATOR
- CLOCK
GENERATION
CIRCUIT
I
. MRB/MWB | ' MRB/MWB E
' ARRANGEMENT! ' ARRANGEMENT !
210d DF{IVEF{ CIRCUIT DRIVER CIRCUIT 210c
34d 34¢

SRAM SRAM
ARRAY PART ARRAY PART



U.S. Patent Dec. 5, 2000 Sheet 20 of 21 6,157,973

FI1G. 27

DRB 30
DRB BUS |31

SRAM . 26
I T
| |
PCSEL SELECTOR

|
| |
| 360 , |
|
| AMPLIFIER :
- 0362 :
: LATCH |
|
|
| 364 Rp—
| |
TRANSFER L
| 366 GATE || @DBITB
_J
35

48

-—~MRB36

CPU o2



U.S. Patent Dec. 5, 2000 Sheet 21 of 21 6,157,973

FIG. 28

.

DRB BUS |- 3t

SRAM ARRAY . 26

SBL BUS
S LeveL
PSSAE SHIFTER
T T

@CSEL SELECTOR

|
|
|

360 IP~MRBS6
|

36

B
|
|
|
|

AMPLIFIER

2

LATCH

364 —— -

|
3661 TRANSFER
GATE —f@DBITB

L - - - - - — ]
39

48

T L 1 ] ke opele—— A | Enle— nl——— E— A L e—
L L ] L | L [

CPU 02



6,157,973

1

MICROCOMPUTER HAVING MEMORY AND
PROCESSOR FORMED ON THE SAME CHIP
TO INCREASE THE RATE OF
INFORMATION TRANSFER

This application claims priority under 35 U.S.C. §119
from International Application PCT/JP96/03103 with an
international filing date of Oct. 24, 1996, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a microcomputer having
a processor and a memory formed on the same chip, and
more particularly, 1t relates to the layout of a processor and
a memory as well as a transfer unit for performing data
transier between these processor and memory.

2. Description of the Background Art

FIG. 1 1s a diagram schematically showing an exemplary
structure of a conventional processing system. Referring to
FIG. 1, the processing system includes a processor 1 per-
forming required arithmetic and logic processing operations,
and a main memory 1 provided in the exterior of the
processor 1 and serving as a main storage for this processor
1. The processor 1 1s connected to the main memory 2
through an external data bus 3. This main memory 2 stores
instructions and processed or pre-processed data (hereinafter
both are referred to as information).

The processor 1 includes a cache memory 1a for storing
information, a controller 1o forming various control signals
in accordance with the information stored in this cache
memory la, a register group lc for temporarily storing data
required for arithmetic and logic processing, and an arith-
metic unit 1d performing required operations in accordance
with the control signals from the controller 1d. The cache
memory la, the controller 1b, the register group 1c and the
arithmetic unit 1d are interconnected with each other
through an internal data bus 1e. This internal data bus 1e 1s
connected to the external data bus 3 through an interface 1/.
The interface 1f manages data transier between the main
memory 2, the cache memory 1a and the controller 15 under
control of this controller 1b.

When the controller 15 requires information which 1s not
stored 1n the cache memory 1la in the structure of this
processing system shown 1n FIG. 1, the information required
by this controller 1b 1s transferred from the main memory 2
through the external data bus 3 and the interface 1/.

The main memory 2, which 1s formed by a DRAM
(dynamic random access memory) of a large storage
capacity, for example, cannot operate at such a high speed as
the processor 1. The speed of data transfer between the main
memory 2 and the processor 1 i1s determined by the bus
width (bit width) of the external data bus 3. The bus width
of the external data bus 3 1s determined by the number of
data input/output terminals of the main memory 2. Thus,
there arises such a problem that the data transfer between the
main memory 2 and the processor 1 cannot be performed at
a high speed, the processor I 1s entered into a wait state 1n
the data transfer with this main memory 2, and the perfor-
mance of the processing system reduces.

In order to solve the problem resulting from the low-
speediness of the main memory 2 in this processing system
shown 1n FIG. 1, 1t 1s conceivable to form the processor 1
and the main memory 2 on the same chip for widening the
bus width of the external data bus 3 to perform the data
transfer at a high speed.
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2

FIG. 2 1s a diagram schematically showing an exemplary
structure of such a microcomputer that a processor and a
main memory are formed on the same chip. Referring to
FIG. 2, the microcomputer 10 includes a cache memory 14,
a controller 15, a register group 1lc and an arithmetic unit 14,
similarly to the structure shown in FIG. 1. This microcom-
puter 10 further has a built-in main memory 2. The cache
memory la, the controller 1b, the register group 1c, the
arithmetic unit 1d and the main memory 2 are intercon-
nected with each other through an internal data bus 11. This
internal data bus 11 i1s connected to an external data bus
through an interface unit 12 to perform transfer of informa-
tion with an external unit.

By providing the main memory 2 in the microcomputer
10, information with the bus width (bit width) of this internal
data bus 11 can be transferred without being subjected to
restriction of the number of data input/output terminals of
the main memory 2, dissimilarly to the structure shown in
FIG. 1. Therefore, a large quantity of information can be
simultaneously transferred and high-speed data transfer can
be implemented by widening the bus width of this internal
data bus 11. Further, the load capacitance of the internal data
bus 11 1s sufficiently small as compared with the load
capacitance of the external data bus 3 which is an on-board
wire shown m FIG. 1, and information transfer can be
performed between the main memory 2, the cache memory
1a and the controller 15 at a higher speed. At this time, an
output circuit of the main memory 2 1s not required to drive
a large load capacitance since the load capacitance of the
internal data bus 11 1s small, and current consumption of the
processing system 1s reduced.

When performing transfer of information with the exter-
nal unit in the structure of this microcomputer shown 1n FIG.
2, however, the interface unit 12 occupies the internal data
bus 11. Thus, there arises such a problem that the controller
15 cannot utilize this internal data bus 11 during access to
the main memory 2 by the interface unit 12, for example,
arithmetic or logic operations stop during this period and the
processing performance of the microcomputer reduces.

In such a microcomputer having a built-in memory,
further, there 1s a sufficient room for further consideration as
to what internal bus arrangement makes it possible to
ciiciently perform information transfer in the interior at a
high speed.

There 1s also sufficient room for further consideration as
to how to arrange the processor, the main memory and the
interface unit to implement efficient information transfer in
the interior of the microcomputer at a high speed and
improving the processing performance.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a micro-
computer having a built-in memory which can perform
information transfer efficiently at a high speed without
reducing processing performance.

Another object of the present invention 1s to provide a
microcomputer having a built-in memory whose processing
performance does not reduce also 1n information transfer
with the exterior of the microcomputer.

The microcomputer having a built-in memory according
to the present invention includes a plurality of data iput/
output pads, bus interface circuitry which i1s connected to
those plurality of data input/output pads through a first bus
to provide an interface for information mput/output through
these data input/output pads, a first memory which 1s con-
nected to the bus interface circuitry through a second bus for
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performing transfer of information with the bus interface
circuitry, first bidirectional transfer circuitry which 1s con-
nected to the first memory through a third bus for bidirec-
tionally transferring information with a selected memory
cell of this first memory, and second bi-directional transfer
circuitry which 1s connected to this first bidirectional trans-
fer circuitry through a fourth bus for bidirectionally trans-
ferring i1nformation at least with this first bidirectional
transfer circuitry. The first and second bidirectional transfer
circuitries include means latching supplied information and
then transferring the latched information.

The microcomputer having a built-in memory according,
to the present invention further includes a second memory
which 1s connected to the second bidirectional transfer
circuitry on/through a fifth bus, a second memory for
performing transfer of information with this second bidirec-
tional transfer circuitry, and a processing circuitry which 1s
connected to the second bidirectional transfer circuitry
through a sixth bus for performing transfer of information
with the second bidirectional transfer circuitry, executing an

instruction included in this information, and transmitting
data of a result of the execution to the sixth bus.

The bus interface circuitry for performing transfer of
information with the exterior of the microcomputer is con-
nected with the first memory through the second bus, and the
first and second memories are connected through the first
and second bidirectional transfer circuitries having latching
and transferring functions. The second memory is connected
with the second bidirectional transfer circuitry through the
fifth bus, and this second bidirectional transfer circuitry is
connected with the processing circuitry through the sixth
bus. In information transfer between the bus interface cir-
cuitry and the first memory or between the bus interface and
the exterior of the microcomputer, therefore, the processing
circuitry can perform a processing by accessing the second
memory, and reduction of the processing performance in
information transfer 1s prevented. By providing the first and
second bidirectional transfer circuitries, further, the process-
ing circuitry can still access the second memory through the
second bidirectional transfer circuitry in information trans-
fer from the first memory to the first bidirectional transfer
means. Therefore, information transfer can be internally
performed without reducing the processing performance.

The foregoing and other objects, features aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken i1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically showing the structure
of a conventional processor and the structure of a memory
system.

FIG. 2 1s a diagram schematically showing a structure in
case of making the processing system shown in FIG. 1 on
one chip.

FIG. 3 1s a diagram schematically showing the structure
of the interior of a microcomputer according to an embodi-
ment 1 of the present invention.

FIG. 4 1s a diagram showing the flow of information
signals 1n bus arrangement shown 1n FIG. 3.

FIG. 5 1s a timing chart showing the flow of the infor-
mation signals 1n information load request in the embodi-
ment 1 of the present invention.

FIG. 6 1s a timing chart showing the flow of information
signals 1n generation of information store request.
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FIG. 7 1s a diagram schematically showing the overall
structure of a data register (DR) shown in FIG. 3.

FIG. 8 1s a diagram showing the structure of a 1-bit part
of an 1nstruction register shown 1 FIG. 3.

FIG. 9 1s a diagram showing the structure of a 1-bit part
of the data register shown in FIG. 7.

FIG. 10 1s a block diagram schematically showing the
overall structure of a bus interface unit (BIU) shown in FIG.

3.

FIG. 11 1s a diagram showing the structure of a 1-bit part
of the bus interface unit shown 1n FIG. 10.

FIG. 12 1s a diagram schematically showing the structure
of a DRAM shown 1n FIG. 3.

FIG. 13 1s a diagram schematically showing the structure
of a bidirectional transfer circuit part shown i FIG. 3.

FIG. 14 1s a diagram showing the structure of a 1-bit part
of a DRAM read buffer shown m FIG. 13.

FIG. 15 1s a diagram showing the structure of a 1-bit part
of a memory read buffer shown in FIG. 13.

FIG. 16 1s a diagram showing the structures of 1-bit parts
of a DRAM writer buffer and a memory write buffer shown
in FIG. 3.

FIG. 17 1s a diagram showing the structure of a modifi-
cation of the memory read buifer shown 1n FIG. 13.

FIG. 18 15 a diagram schematically showing the structure

of another modification of the memory read bufler shown in
FIG. 13.

FIG. 19 1s a diagram showing the structure of a 1-bit part
of a level shifter shown 1 FIG. 18.

FIG. 20 1s a diagram schematically showing arrangement
of bus lines of a microcomputer according to an embodiment
2 of the present 1nvention.

FIG. 21 1s a diagram schematically showing the on-chip
layout of the microcomputer according to the embodiment 2
of the present 1nvention.

FIG. 22 15 a diagram schematically showing the structure
of a main part of a microcomputer according to an embodi-
ment 3 of the present mvention.

FIG. 23 1s a waveform diagram representing an operation
of an SRAM control part shown 1n FIG. 22.

FIG. 24 1s a diagram showing an exemplary structure of
an mput first stage of a driver circuit shown m FIG. 22.

FIG. 25 1s a diagram showing another operation sequence
of the SRAM control part shown in FIG. 22.

FIG. 26 1s a diagram schematically showing the on-chip
layout of the microcomputer according to the embodiment 3
of the present invention.

FIG. 27 1s a diagram schematically showing the structure
of a main part of a microcomputer according to an embodi-
ment 4 of the present invention.

FIG. 28 15 a diagram schematically showing the structure
of a modification of the embodiment 4 of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 1s a block diagram schematically showing the
structure of a main part of a microcomputer having a built-in
memory according to an embodiment 1 of the present
invention. Referring to FIG. 3, the microcomputer 20
includes a DQ pad 21 connected to an external bus and
inputting/outputting information, a bus interface unit (BIU)

23 connected to the DQ pad 21 through a DB bus 22 recited
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as a first bus and managing and executing information
transfer between an exterior and an interior of the
microcomputer, and a dynamic random access memory
(hereinafter referred to as a DRAM) 26 recited as a first
memory connected to the bus interface unit BIU through a
BIU bus 24 and transferring stored information with the bus
interface unit 23. DRAM 26 1s connected to a GIO bus 28

recited as a third bus.

The bus width (bit width) of the DB bus 22 i1s 16 bits,
while the bus width (bit width) of each of the BIU bus 24 and
the GIO bus 28 1s 128 bits, for example. The bus interface
unit 23, the structure of which i1s described later 1n detail,
includes 128 latches, and executes information transfer in
units of 16 bits with an external device and information
transfer 1n units of 128 bits in an internal unit device by
selectively connecting these latches to the DB bus 22. Thus,
speeding-up of the information transter in the internal device
1s attained. The DRAM 26 1s a dual port memory having a
port connected to the BIU bus 24 and a port connected to the
GIO bus 28, and this DRAM 26 can perform information
transfer simultaneously with the BIU bus 24 and the GIO
bus 28 unless competition of the memory takes place.

The microcomputer 20 further includes a DRAM read
buffer (DRB) 30 for latching information read from the
DRAM 26 through the GIO bus 28 for transference to a
DRB bus 31, and a memory read buffer (MRB) 36 for
latching the information supplied from the DRAM read
buffer (DRB) 30 through the DRB bus 31 or information
read from a static random access memory (hereinafter
referred to as an SRAM) 34 through an SBL bus 32 and
transferring the latched information to a memory write
buffer (MWB) 38 through an I'TB bus 35 or the SBL bus 32.
This memory read buffer (MRB) 36 includes a circuit for
amplifying the latched information. The bit width of each of
the GIO bus 28, the DRB bus 31 and the I'TB bus 35 1s 128
bits, for example. The bus width of the SBL bus 32 1s also
128 bits, and the SRAM 34 inputs/outputs mmformation of
128 bits at once.

The memory write buffer (MWB) 38 latches the infor-
mation supplied on the I'TB bus 35 and the information
supplied from the memory read buffer (MRB) 36 through the
SBL bus 32 for transference to a DRAM write buffer (DWB)
42 through a DWB bus 40. This memory write buifer
(MWB) 38 also has a function of transferring the informa-
fion supplied through the I'TB bus 35 to the SRAM 34
through the SBL bus 32.

The DRAM write buffer (DWB) 42 transfers the infor-
mation supplied from the memory write buffer (MWB) 38
through the DWB bus 40 to the DRAM 26 through the GIO
bus 28. The DWB bus 40 has a bus width of 128 bits. By
providing the DRB bus 31 and the DWB bus 40 indepen-
dently of each other, data transfer from the DRAM 26 to the
SRAM 34 and data transfer from the SRAM 34 to the
DRAM 26 can be executed in parallel.

The microcomputer 20 further includes an instruction
register (IR) 44 storing instructions which are included in
the information supplied from the memory read buifer

(MRB) 36 through the ITB bus 35, and a data register (DR)
46 which 1s connected with the I'TB bus 35 to bidirectionally
perform data transfer for storing data. The istruction reg-

ister 44 and the data register 46 are connected to a processor
(CPU) 52 through an instruction bus 48 and a data bus 50

respectively.

The 1nstruction register (IR) contains latches of the same
number as the bus width (bit width) of the I'TB bus 35, and
simultaneously selects 32 latches among these 128 latches
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and supplies latch information (instruction) to the processor
(CPU) 52 through the instruction bus 48. The data register
(DR) also similarly includes 128 latches, and selectively

connects 32 latches to the data bus 50 to transfer data with
the processor (CPU).

The processor (CPU) 52 has an internal structure shown
in FIG. 1, executes processing operations specified by
instructions on data with the instructions supplied from the
instruction register (IR) 44 and the data supplied from the
data register (DR) 46, and stores results of the processing
operations in the data register (DR) 46 again.

GIO bus 28 transtfers the information at a rate of 30 MHz,
for example. On the other hand, I'TB bus 35 transfers the
information at a rate of about 100 MHz, for example.

FIG. 4 1s a diagram 1illustratively showing an information
transfer path 1n the bus arrangement of FIG. 3. Referring to
FIG. 4, arrows show the flow of information. Referring to
FIG. 4, the bus interface unit (BIU) 23 bidirectionally
transfers the information with the bus interface unit (BIU)
23 through the BIU bus 24. The DRAM 26 transfers the
information of a selected memory cell to the DRAM read
buffer (DRB) 30 through the GIO bus 28, and DRAM 26
writes the information supplied from the DRAM write bufler
(DWB) through the GIO bus 28 1n a selected memory cell.
DRAM read buffer 30 transfers latched information to the
memory read buffer (MRB) through DRB bus 31. On the
other hand, DRAM write buffer (DWB) 42 latches the
information supplied from the memory write buffer (MWB)
38 through the DWB bus 40, and then transfers the latching
information to DRAM 26 through GIO bus 28.

The memory read buffer (MRB) 36 latches and amplifies
one of the information supplied through the DRB bus 31 and
the information read from the SRAM 34, for transference to
the ITB bus 35 or to the memory write buffer (MWB) 38. By
performing information transfer from this memory read
buffer (MRB) 36 to the memory write buffer (MWB) 38,
information transfer from SRAM 34 to DRAM 26 1is
enabled.

The memory write buffer (MWB) 38 transfers one of the
data supplied from the data register (DR) 46 through the ITB
bus 35 and the information supplied from the memory read
buffer (MRB) 36 to SRAM 34 or DRAM write buffer
(DWB) 42.

The instruction register (IR) 44 stores the instructions
included 1n the mnformation supplied to the I'TB bus 35, and
supplies the instructions to the processor (CPU) 52 through
the instruction bus 48. The data register (DR) 46 stores the
data included in the information supplied through the I'TB
bus 35 and supplies the same to the processor (CPU) 52,
while storing the data supplied from this processor (CPU) 52

through the data bus 50 and transferring the same to the
memory write buffer (MWB) 38 through the ITB bus 35.

A data transfer operation 1s now described.

(1) When the processor (CPU) 52 issues an information
load request to an external device such as an external
MEMOry:

Information supplied from the external memory or the
like through the DQ pad 21 and the DB bus 22 1s stored in

the bus interface unit (BIU) 23. The bus interface unit (BIU)
23 transfers externally loaded information through the BIU
bus 24 for writing into the DRAM 26. The DRAM 26
transfers this loaded information to the DRAM read buifer
(DRB) 30 through the GIO bus 28. The DRAM read buffer
(DRB) 30 latches this information supplied from the DRAM
26 through the GIO bus 28, and then transfers the same to
the memory read buffer (MRB) 36 through the DRB bus 31.
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The memory read buffer (MRB) 36 amplifies this informa-
tion transferred from the DRAM read buffer (DRB) 30 for
transference to the instruction register (IR) 44 and the data

register (DR) 46 through the ITB bus 35. This information
transferred to the instruction register (IR) 44 and the data

register (DR) 46 i1s transferred to the processor (CPU) 52
through the instruction bus 48 and the data bus 50 respec-

fively.

The ITB bus 35 transfers the information 1 accordance
with a high-speed clock signal of about 100 MHz, for
example, while the information 1s transferred on the GIO bus
28 1n accordance with a low-speed clock signal of about 30
MHz, for example, since the information from the DRAM
26 which 1s a low-speed memory or the bus interface unit
(BIU) 23 accessing the external device is transferred to the

GIO bus 28.

After the processor (CPU) 52 issues the information load
request and before the required information reaches the
processor (CPU) 52, therefore, a considerable cycle number
of the clock signal driving this I'TB bus 35 1s required. In this
case, the GIO bus 28 and the I'TB bus 35 are 1solated from
each other, and hence the processor (CPU) 52 can utilize the
instruction bus 48 and the data bus 50 as well as the I'TB bus
35 until the required information reaches the I'TB bus 335.

More specifically, when the processor (CPU) 52 generates
a load request at a time TO as shown 1n an mformation
transfer sequence of FIG. §, valid information 1s stored 1n the
bus interface unit (BIU) 23 at a time T1. The information
stored in the bus interface unit (BIU) 23 is transferred to the
GIO bus 28 through the DRAM 26, and the valid informa-
tion appears on the GIO bus 28 at a time T2. This valid
information on the GIO bus 28 1s transferred to the I'TB bus
35 through the DRAM read buffer (DRB) and the memory
read buffer (MRB), and the valid information is transferred
onto the I'TB bus 35 at a time T3. This valid information on
the I'TB bus 35 is transferred to the instruction register (IR)
44 and the data register (DR) 46 respectively, and the valid
information requested by the processor (CPU) is stored in
the struction register (IR) 44 and the data register (DR) 46
at a time T4. After the time T4, the processor (CPU) can
access the required load-requested information in the
instruction register (IR) 44 and the data register (DR) 46.

When a load request to the external memory or the like 1s
issued as shown 1n this FIG. §, therefore, the processor
(CPU) can access the SRAM 34 through this I'TB bus 35 and
can access the instruction register (IR) 44 and the data
register (DR) 46 through a CPU bus (including both of the
instruction bus 48 and the data bus 50) up to the time T3
when the valid information 1s transferred onto the ITB bus
35. Up to the time T4 when the valid information 1s stored
in the instruction register (IR) 44 and the data register (DR)
46, further, the processor (CPU) can access the instruction
register (IR) 44 and the data register (DR) 46 through the
CPU bus (the instruction bus 48 and the data bus 50) to

perform a processing.

By providing the GIO bus 28, the I'TB bus 35 and the CPU
bus (the istruction bus 48 and the data bus 50) indepen-
dently of each other, therefore, the processor (CPU) can
execute a processing through an available bus until the
load-requested information arrives, and reduction 1 pro-
cessing performance upon data transfer from the external
device 1s suppressed.

(i1)) When the processor issues a data store request for
storing data i1n the external memory or the like:

An operation 1n data store request issuance 1s described
also with reference to a timing chart shown in FIG. 6.
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At a time TO0, the processor (CPU) 52 generates a store
request while storing data to be stored 1n the data register

(DR) 50 through the data bus 50, and valid data 1s stored in
the data register (DR) 50 at a time T1. The data stored in the

data register (DR) 50 is transferred to the memory write
buffer (MWB) 38 through the I'TB bus 35 and stored therein.

The data stored in the memory write buffer (MWB) 38 is
transferred to the DRAM write buffer (DWB) 42 through the
DWB bus 40 and latched therein. The memory write buifer
(MWB) 38 has a latch function. After the data to be stored
is stored in memory write buffer (MWB) 38, therefore, the
processor (CPU) 52 can access the SRAM 34 and the
instruction register (IR) 44 and the data register (DR) 46
through the I'TB bus 35 and the CPU bus (the instruction bus
38 and the data bus 50) for executing a processing. This I'TB
bus 35 is a high-speed bus, and the processor (CPU) 52 can
execute a required processing at a high speed after transfer-
ring the data to be stored to and storing them 1n the memory
write buffer (MWB) 38 through the data register (DR) 50,
and performance reduction of this microcomputer 1s sup-
pressed.

The data (brought into a valid state at a time T3) latched
in the DRAM write buffer (DWB) 42 is transferred to and
stored 1n the DRAM 26 through the low-speed GIO bus 28.
The GIO bus 28 1s a low-speed bus and the valid data
appears thereon at a time T4, and the valid data 1s stored 1n
the DRAM 26 at a time T5. The DRAM 26 1s a two-port
memory, and the valid data can be stored from the DRAM
26 1n the bus interface unit (BIU) 23 at a relatively fast
timing by performing the writing and reading in the same
cycle. Thus, the valid data 1n the bus interface unit 23 which
1s brought into the valid state 1s successively transferred to
the exterior 1n units of 16 bits and stored in the external
memory at a time 1T6. Also when the data store operation for
the external memory 1s done in this microcomputer,
therefore, the internal processor (CPU) 82 can access the
SRAM 34 through the ITB bus 35 after the time T2, while
the GIO bus 28 becomes available after the time TS and
reduction of the processing performance can be suppressed.

When only data transfer between the external memory
and the DRAM 26 is performed, the processor (CPU) 52 can
execute required processings by constantly utilizing the I'TB
bus 35, the instruction bus 48 and the data bus 50, as
apparent from the timing chart diagrams shown in FIG. 5

and FIG. 6.

By connecting the bus interface unit (BIU) for performing
data 1nput/output with the external device only to the
DRAM, isolating any buses (the I'TB bus 35, the instruction
bus 48 and the data bus 50) accessed by the processor (CPU)
from the bus interface unit (BIU), providing the buffers
(DRB, DWB, MRB and MWB) recited as bidirectional
transier means between the GIO bus 28 connected with the
DRAM 26 and the I'TB bus 35, and providing these with
latch functions, as hereinabove described, the internal I'TB
bus can be brought mnto a free state so that the processor
(CPU) can utilize the same also in information transfer of
this microcomputer with an external device, and the pro-
cessing performance can be improved due to no interruption
of processing 1n external transfer of the information.

The DB bus 22 between the bus interface unit (BIU) and
the DQ pad may be of such a structure that a bus for
inputting formation and a bus for outputting information are
provided independently of each other.
| Structures of Respective Parts]

(1) Structure of Data Register (DR) 46

FIG. 7 1s a diagram schematically showing the overall
structure of the data register (DR) 46 shown in FIG. 3 and
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FIG. 4. Referring to FIG. 7, the data register (DR) 46
includes latch amplifiers LAO to LA127 which are provided
in correspondence to bus lines 10 to 1127 of the ITB bus 35
respectively and connected with the corresponding bus lines

1n response to activation of a transfer instruction signal ¢TR.
These latch amplifiers LAO to LA127, the structure of which

1s described later 1n detail, include both of read buffers for
transferring data from the I'TB bus 35 to the processor (CPU)

and write buffers for transferring data supplied from the
processor (CPU) to the I'TB bus 35. Each of these amplifies

and latches supplied data when activated.

The data register (DR) 46 further includes selecting gates
SGO0a to SG31a which are provided in correspondence to the
latch amplifiers LAO to LA31 respectively and conduct 1n

response to a group selection signal ¢pa for connecting the
latch amplifiers LAO to LA31 to bus lines D0 to D31 of the

processor data bus 50, selection gates SGUb to SG31b which
are provided 1n correspondence to the latch amplifiers LA32
to LA63 respectively and conduct in response to a group
selection signal ¢b for connecting the latch amplifiers LA32
to LA63 to the data bus lines DO to D31 respectively,
selection gates SGOc to SG31c which are provided in
correspondence to the latch amplifiers LA64 to LA9S
respectively and conduct 1n response to a group selector
signal ¢c for connecting the respective latch amplifiers
L.A64 to 1.LA95 to the data bus lines D0 to D31, and selection
gates SG0d to SG31d which are provided 1n correspondence
to the latch amplifiers LA96 to LLA127 respectively and
conduct 1n response to a group selection signal ¢d for
connecting the latch amplifiers LA96 to LA127 to the data
bus lines D0 to D31 respectively.

Transfer of information of different bit widths can be
performed by making the bus widths of the ITB bus 35 and
the processor data bus 50 different from each other, and there
1s no requirement to deteriorate the processing performance
of the processor (CPU) 52. Further, the bus width of the data
bus 50 for the processor (CPU) 52 1s small, and the layout
arca required for the bus in the vicinity of this processor
(CPU) 52 can be reduced.

In this structure of the data register (DR) 46 shown in FIG.
7, the bus lines 10 to 1127 of the I'TB bus 35 and the latch
amplifiers LAO to LA127 simultaneously transfer data of
128 bits 1n accordance with the transfer instruction signal
¢ TR. Among these latch amplifiers LAO to LA127 of 128
bits, latch amplifiers of 32 bits are selectively connected to
the processor data bus 50 (the data bus lines D0 to D31) in
accordance with the group selection signals ¢a to ¢d.

FIG. 8 1s a diagram showing exemplary a structure of one
bit of each of the latch amplifiers and the selection gates
shown 1n FIG. 7. Referring to FIG. 8, the structures of a latch
amplifier and a selection gate provided for a bus line I1 and
a data bus line Dj of the I'TB bus 35 are shown as an
example. The ITB bus line Li includes complementary
signal lines Iia and Zlia.

The latch amplifier includes a read latch amplifier LAr
which 1s activated 1n response to a transfer instruction signal
¢ TRR for amplifying and latching complementary signals
on the I'TB bus line I1, and a write latch amplifier LAw for
amplifying and latching a signal on the data bus line Dj. The
selection gate SG 1ncludes a read selection gate SGr which
conducts 1n response to a group selection signal ¢gr for
transferring the latch data of the read latch amplifier LAr to
the data bus line Dj, and a write selection gate SGw
transferring the latch information of the write latch amplifier
LLAw to the ITB bus signal lines Iia and Zlia in response to
a transfer instruction signal ¢TRW.

The transfer instruction signals ¢TRR and ¢TRW are
supplied 1n common to the latch amplifiers LAO to LA126
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in both read transfer and write transter. The group selection
signals ¢gr and ¢gw are supplied only to a latch amplifier
oroup of a selected group 1n both read transfer and write
transfer.

The read latch amplifier LAr includes a differential ampli-
fier DAr differentially amplifying signal potentials on the
signal lines Iia and Zlia, a transfer gate TGr conducting in
response to the read transfer mstruction signal ¢ TRR, and a
latch circuit LCHr amplifying and latching data from the
differential amplifier circuit DAr transmitted through the
transter gate TGr. The differential amplifier circuit DAr
includes an n-channel MOS transistor (insulated gate field
effect transistor) T1 connected between the transfer gate TGr
and a ground potential with a gate thereof connected to the
signal line Zlia, and an n-channel MOS transistor T2 con-
nected between a ground node and the transter gate TGr with
a gate thereol connected to the signal line Iia. The latch
circuit LCHr includes an invertor circuit IV1 having an input
part connected to a drain node of the MOS ftransistor T1
through the transfer gate TGr, and an invertor circuit I1V2
having an input part connected to a drain node of the MOS
transistor T2 through the transfer gate TGr. The transfer gate
TGr includes n-channel MOS transistors which are provided
in correspondence to the MOS transistors T1 and T2 respec-
tively. The read selection gate SGr includes a transfer gate
which conducts 1n response to the group selection signal ¢pgr
for transmitting an output signal of the invertor IV2 to the
data line Dj. While one n-channel MOS transistor 1s typi-
cally shown as the transfer gate included 1n this read selector
cate SGr, the transfer gate may be formed by a CMOS
transmission gate. Further, this read selection gate SGr may
be formed by a tri-state buifer.

The write latch amplifier LAw includes an invertor circuit
IVS inverting a signal on the data line Dj, a differential
amplifier circuit DAw differentially amplifying an output
signal of the mvertor circuit IVS and the signal of the data
line Dy, a transfer gate TGw transmitting an output signal of
this differential amplifier circuit DAw 1n response to the
oroup selection signal ¢ew, and a latch circuit LCHw
latching the output signal of the differential amplifier circuit
DAw transmitted through the transter gate TGw.

The differential amplifier circuit DAw 1ncludes an
n-channel MOS transistor T3 connected between the transfer
cgate TGw and a ground node and receiving the output signal
of the mvertor circuit TS at a gate thereof, and an n-channel
MOS transistor T4 connected between a ground node and
the transfer gate TGw with a gate thereof connected to the
data line Dj. The transfer gate TGw includes transfer gate
transistors provided 1n correspondence to the MOS transis-
tors T3 and T4 respectively.

The latch circuit LCHw includes an invertor circuit 1V3
having an input part connected to a drain node of the MOS
transistor T3 through the transfer gate TGw, and an mvertor
circuit IV4 having an input part connected to a drain node of
the MOS transistor T4 through the transfer gate TGw.

The write selection gate SGw includes a transfer gate
transistor pair conducting 1n response to the write transfer
instruction signal ¢TRW for transferring output signals of
the mvertor circuits IV3 and I1V4 to the signal lines Zlia and
I[ia respectively. The operation 1s now briefly described.

It 1s assumed now that the signal on the signal line Iia 1s
at a high level and the signal on the signal line Zlia 1s at a
low level. In this state, the conductance of the MOS tran-
sistor T1 becomes smaller than the conductance of the MOS
transistor T2 1n the differential amplifier circuit DAr. When
the read transfer instruction signal ¢TRR enters an active
state (high level), the transfer gate TGr is brought into a
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conducting state, and the MOS transistors T1 and T2 of the
differential amplifier circuit DAr are connected to the mver-
tor circuits IV1 and IV2 respectively. The potential of an
input node of the invertor circuit IV2 reduces since the
conductance of the MOS transistor T2 1s larger than the
conductance of the MOS transistor T1. This potential reduc-
tion of the mput node of the 1invertor circuit IV2 1s amplified
and latched by the invertor circuit IV2 and the invertor
circuit IV1. Thus, a small potential difference detected by
the differential amplifier circuit DAr 1s amplified and latched
by the latch circuit LCHr. When the group selection signal
dgr then enters an active state (high level), the read selection
gate SGr conducts, and the output signal (high level) of the
invertor circuit IV2 1s transmitted to the data line Dj, and
transmitted to the processor.

In data transfer from the processor to the I'TB bus, the
write latch amplifier circuit LAw 1s activated. When data of
a high level 1s transferred onto the data line Dj, the output
signal of the invertor circuit IVS 1s at a low level. In this
state, the conductance of the MOS transistor T3 becomes
smaller than that of the MOS transistor T4 1n the differential
amplifier circuit DAw. When the group selection signal ¢gw
shifts to an active state (high level), the transfer gate TGw
1s brought into a conducting state, and the differential
amplifier circuit DAw 1s connected to the latch circuit
LCHw. Due to the large conductance of the MOS transistor
T4, the potential of the input node of the mnvertor circuit I'V4
reduces. This potential reduction 1s amplified and latched by
the invertor circuits IV4 and I'V3 (the MOS transistor T3 is
substantially in an OFF state). Then, the write transfer
instruction signal ¢ TRW shifts to an active state (high level),
and the selection gate SGw conducts. Thus, the signal of a
low level outputted from the invertor circuit IV3 and the
signal of a high level outputted from the invertor circuit IV4
are transmitted to the signal lines Zlia and I1a respectively.

| Structure of Instruction Register (IR)]

The instruction register (IR) is merely required to transfer
instructions to the processor (CPU) through the instruction
bus. This instruction register (IR) also has a structure
substantially identical to the data register (DR) 46 shown in
FIG. 7.

FIG. 9 1s a diagram schematically showing a structure of
a 1-bit of the instruction register (IR). An instruction register
IR1 provided 1n correspondence to the I'TB bus line I1 is
shown 1n FIG. 9. Referring to FIG. 9, the 1nstruction register
IR1 includes two latch amplifiers ILAa and ILADb connected
to the I'TB bus line Ii 1n parallel with each other.

The latch amplifier ILAa 1s activated 1n response to a
transfer instruction signal ¢ TRIa, for amplifying and latch-
ing the complementary signals on the ITB bus line I1. The
latch amplifier ILAb 1s activated in response to a transfer
instruction signal ¢TRIb, for amplifying and latching the
complementary signals on this I'TB bus line I1. FIG. 9 shows
only the structure of the latch amplifier ILLAa. The latch
amplifier ILADb has a structure similar to the latch amplifier
ILLAa.

The latch amplifier ILAa mcludes a differential amplifier
circuit IDA differentially amplifying the signals on the
signal lines Iia and Zlia of the bus line I1, a transfer gate I'TG
conducting 1n response to the transfer instruction signal
¢ TRIa for transmitting an output signal of the differential
amplifier circuit IDA, and a latch circuit ILCH amplifying
and latching the signal transmitted through the transfer gate
ITG.

The differential amplifier IDA 1includes an n-channel
MOS transistor TS thercof connected between a ground
node and the transfer gate I'TG with a gate thereof connected
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to the signal line Iia, and an n-channel transistor T6 con-
nected between a ground node and the transfer node ITG
with a gate thereof connected to the signal line Zlia.

The transfer gate ITG includes two MOS ftransistors
(transfer gate transistors) provided in correspondence to the
MOS transistors TS and T6 respectively and conducting in
activation of the transfer instruction signal ¢TRIa. This
transfer gate I'TB may be formed by a CMOS transmission

gate.
The latch circuit ILCH 1ncludes an invertor circuit IV6,

having an 1nput part connected to a drain of the MOS
transistor 16 through the transfer gate I'TG, and an mvertor
circuit IV7 whose mput part 1s connected to a drain of the
MOS transistor TS through the transfer gate I'TG.

The instruction register IR1 further includes a multiplexer
MUX selecting an output signal of one of the latch ampli-
fiers ILAa and ILAb 1n response to a selection signal ¢ISEL,
and a selection gate ISG conducting 1n response to a group
selection signal ¢lg for transmitting the signal selected 1n the

multiplexer MUX to an instruction bus line IRBj. While the
selection gate ISG 1s shown being formed by one MOS
transistor in FIG. 10, this selection gate ISG may be formed
by a CMOS transmission gate or a tri-state buifer.

The transfer instruction signal ¢ TRIa 1s supplied 1n com-
mon to the latch amplifier ILAa provided for each I'TB bus
line of the instruction register IR. The transfer instruction
signal ¢TRIb 1s supplied in common to the latch amplifier
[LAD 1n each register of the instruction register (IR). One of
the transfer instruction signals ¢TRIa and ¢ TRIb 1s brought
into an active state. The group selection signal ¢lg selects
instruction registers of 32 bits.

Operations of the latch amplifiers ILLAa and ILADb 1n
activation thereof are identical to that of the data register
(DR) (see FIG. 8), and the signals of the signal lines Iia and
ZI1a are differentially amplified by the differential amplifier
circuit IDA, and an output signal of the differential amplifier
circuit IDA 1s transferred to the latch circuit ILCH and
further amplified and latched therein in conduction of the
transter gate ITG. Therefore, signals of the I'TB bus lines 10
to 1127 of 128 bits are simultancously latched by the latch
amplifier ILAa or ILAB of 128 bits of the instruction register
(IR). Then, one of the latch amplifiers ILLAa and ILAb is
selected 1n accordance with the selection signal ¢ISEL.
Further, instructions of 32 bits are selected from these
instructions of 128 bits 1n accordance with the group selec-
tion signal ¢Ig, transferred to the instruction bus line (IRB)
48 and supplied to the processor 52.

The latch amplifiers ILAa and ILADb are provided 1n each
bit of the instruction register (IR). A next instruction is
stored 1n a first latch amplifier while transmitting instruction
information stored 1n a second latch amplifier. Thus, 1mnstruc-
tions can be successively transferred to the processor (CPU)
52 1n a pipeline mode, and high-speed 1nstruction transfer
can be 1implemented.

By providing the instruction register (IR) and the data
register (DR) independently of each other, further, instruc-
tions and data can be simultaneously transferred to the
processor (CPU) 52, and a high-speed information transfer
operation can be implemented.

(3) Bus Interface Unit (BIU)

FIG. 10 1s a diagram schematically showing the overall
structure of the bus interface unit (BIU) shown in FIG. 3 and
FIG. 4. Referring to FIG. 10, the bus interface unit (BIU) 23
includes latch amplifiers BLAO to BLA127 provided in
correspondence to bus lines BUO to BU127 of the BIU bus
24 respectively, activated 1n response to a transfer instruc-
tion signal ¢TRB to be connected with the corresponding

bus lines BUO to BU127.
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Each of the latch amplifiers BLAO to BLA127 includes a
latch amplifier circuit for information transfer from the BIU
bus 24 to the DB bus 22 and a latch amplifier circuit for
information transfer from the DB bus 22 to the BIU bus 24.
The latch amplifiers BLAO to BLA127 are divided into
ogroups 1n a unit of eight latch amplifiers, and brought into
operating states in response to byte control signals BYH
and ¢BYL. By employing these byte control signals ¢ BYH
and §BYL, 1t 1s possible to handle both of 16-bit information
and 8-bit mnformation.

The bus interface unit (BIU) 23 further includes selection
circuits BSG0 to BSG7 for selecting 16 latch amplifiers
from the 128 latch amplifiers BLAO to BLLA126 for con-
nection to the bus lines DBO to DB1S of the DB bus 22
respectively. The selector circuit BSG0 conducts in response
to a group selection signal ¢Bgl, for connecting the latch
amplifiers BLAO to BLLA1S to bus lines DBB0 to DBB135 of
the DB bus 22 respectively. The selection circuit BSG1
conducts 1n response to a group selection signal ¢Bgl, for
connecting the latch amplifiers BLA16 to BLLA31 to the bus
lines DBB0 to DBB15 respectively. The selection circuit
BSG2 conducts in response to a group selection signal
¢Bg2, for connecting the respective latch amplifiers BLA32
to BLLA47 to the bus lines DBB0 to DBB135. The selection
circuit BSG3 conducts 1n response to a group selection
signal ¢Bg3, for connecting the respective latch amplifiers
BLA48 to BLAG63 to the bus lines DBB0 to DBB1S5.

The selection circuit BSG4 conducts 1n response to a
group selection signal ¢Bg3, for connecting the latch ampli-
fiers BLA64 to BLA79 to the bus lines DBB0 to DBBI1S.
The selection circuit BSGS conducts 1n response to a group
selection signal ¢Bg3, for connecting the latch amplifiers
BLASO to BLAY9S to the bus lines DBB0 to DBB15. The
selection circuit BSG6 conducts 1n response to a group
selector signal ¢Bgb, for connecting the latch amplifiers
BLA96 to BLA111 to the bus lines DBB0 to DBB15. The
selection circuit BSG7 conducts 1n response to a group
selection signal ¢Bg7, for connecting the latch amplifiers
BLA112 to BLA127 to the bus lines DBB0 to DBB135.

By employing the selection circuits BSGO to BSG7,
transfer of information between the BIU bus 24 of the
128-b1t width and the DB bus 22 of the 16-bit width can be
ciiciently performed. The DQ pads are connected to the
respective bus lines DB0O to DB1S of the DB bus 22. Bus
lines of 16 bits are merely connected to the external device,
it 1s not necessary to provide 128 input/output buifers for
driving external bus lines, the number of these 1input/output
buifers 1s reduced, and current consumption 1s also reduced.

FIG. 11 1s a diagram showing a structure of a one-bit
portion of the bus interface unit shown i FIG. 10. The

structure of a bus interface unit circuit provided between a
bus line BU1 of the BIU bus 24 and a bus line DBB;j of the

DB bus 22 1s shown in this FIG. 11. The bus line BUi1
includes complementary signal lines BU1a and ZBUia.
Referring to FIG. 11, the bus interface unit circuit (1-bit
bus interface unit) includes a latch amplifier circuit BLLAra
which 1s brought into an operating state in response to a byte
control signal ¢BY and a transfer 1nstruction signal ¢TRBra
for amplifying and latching signal potentials on the signal
lines BUia and ZBUia, a latch amplifier circuit BLArb
which 1s brought into an operating state 1n response to the
byte control signal ¢BY and a transfer instruction signal
¢ TRBrb for amplitying and latching the signals on the signal
lines BUia and ZBUia, a multiplexer (MUX) BMUTr select-
ing one of latched signals of the latch amplifier circuits
BLAra and BLArb 1n response to a selection signal ¢ BSEL,

and a selection circuit BSGr which conducts 1n response to
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a group selection signal ¢Bgr for transmitting an output
signal of the multiplexer BMUTr to the DBB bus line DBB;.

The byte control signal ¢BY 1s one of the byte control
signals BYH and ¢ BYL. One of the 128 bit-batch transfer

instruction signals ¢ TRBra and ¢TRBrb 1s brought into an
active state. In output of the latched signal from one of the
latch amplifier circuits BLLAra and BLArb, information
signals of the signal lines BU1a and ZBUia are stored in the
other latch amplifier circuit. Thus, high-speed information
transfer 1s implemented.

The latch amplifier circuits BLLAra and BLArb have the
same structure, and FIG. 11 specifically shows only the
circuit structure of the latch amplifier circuit BLAra. The
latch amplifier circuit BLLAra includes a differential ampli-
fier circuit BDA which differentially amplifies signal poten-
fials on the signal lines BUia and ZBUia, a transfer gate
BTGb which conducts 1n response to the byte control signal
¢BY for transmitting an output signal of the differential
amplifier circuit BDA, a transfer gate BTGa which conducts
in response to the transfer instruction signal ¢ TRBra for
further transmitting the signal transmitted from the transfer
cgate BTGDb, and a latch circuit BLCHr which amplifies and
latches the signal potential transterred from the transfer gate
BTGa.

The differential amplifier circuit BDA includes an
n-channel MOS ftransistor T7 provided between a ground
node and the transfer gate BTGb with a gate thereof con-
nected to the signal line BUia, and an n-channel MOS
transistor T8 provided between a ground node and the
transfer gate BTGb with a gate thereof connected to the
signal line ZBUia.

The transfer gate BTGb includes a pair of transfer gate
transistors provided in correspondence to the respective
MOS transistors T7 and T8 and conducting in response to
the byte control signal ¢BY. The transter gate BTGa
includes a transfer gate transistor pair provided for the
respective transfer gate transistor pair of the transfer gate
BTGb and conducting in response to the transfer mstruction
signal ¢ TRBra. The transfer gate transistors of the transfer
cgates BTGa and BTGb may be formed by CMOS transmis-
sion gates.

The latch circuit BLCHr includes an invertor circuit IVS
having an mput connected to a drain node of the MOS
transistor T7 1n conduction of the transfer gates BTGa and
BTGb, and an mvertor circuit IV9 having an mmput connected
to a drain node of the MOS transistor T8 1n conduction of the
transfer gates BTGa and BTGb.

When the signal potential of the signal line BUia 1s at a
high level, the conductance of the MOS ftransistor T7
becomes larger than that of the MOS transistor T8, and the
drain potential of the MOS transistor T7 lowers below that
of the MOS transistor T8. When the transfer gates BT'Gb and
BTGa conduct 1n response to the signals ¢BY and ¢'TRBra,
the drains of these MOS transistors T7 and T8 are connected
to the latch circuit BLCHr. Since the potential of the drain
node of the MOS transistor 17 1s lower than the potential of
the drain node of the MOS transistor T8, an output signal of
the 1nvertor circuit IV8 1s driven to a high level, this output
signal 1s fed back by the invertor circuit IV9, and the drain
node potentials of these MOS ftransistors T7 and T8 are
amplified and latched by the latch circuit BLCHr.

When the multiplexer BMUTr selects this latch amplifier
circuit BLLAra in response to the selection signal ¢BSEL, the
high-level output signal of the invertor circuit W8 1s trans-
mitted to the selection gate BSGr. When the group selection
signal ¢Bgr 1s brought mto an active state, a high-level
signal from the multiplexer BMUTr 1s transmitted to the bus
line DBBj through the selection gate BSGr.
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The latch amplifier circuit BLAw latches the signal on the
bus line DBB;j and forms complementary signals for trans-
mission to the signal lines BUia and ZBUia. The latch
amplifier circuit BLAw includes a multiplexer BMUw
selecting one of the output signal of the multiplexer BMUTr
and the signal on the bus line DBB;, a transfer gate BTGw
made conductive 1n response to a group selection signal
¢Bew for transmitting an output signal of the multiplexer
BMUw, a latch circuit BLCHw latching the signal transmit-
ted from the transfer gate BT'Gw, and a selection gate BSGw
made conductive 1n response to transier instruction signal
¢ TRBw for transmitting the signal latched by the latch
circuit BLCHw to the signal lines BUia and ZBUia.

The multiplexer BMUw 1ncludes a selection circuit
BMGa selecting one of the output signal of the multiplexer
BMUr and the signal on the bus line DBBj, and a selection
circuit BMGb inverting each of the output signal of the
multiplexer BMUTr and the signal of the data line DBB;j and
selecting one of the inverted signals. As an example, the
selection circuit BMGa includes an n-channel MOS transis-
tor T9a transmitting the output signal of the multiplexer
BMUr, and a p-channel MOS ftransistor T10a transmitting
the signal on the bus line DBBj. A selection signal ¢Bsrw 1s
supplied to the gates of these MOS transistors 1T9a and T10a.
The selection circuit BMGb includes an invertor circuit
IV10 mverting the output signal of the multiplexer BMUr,
an mvertor circuit IV11 inverting the signal on the bus line
DBBj, an n-channel MOS ftransistor 195 transmitting an
output signal of the invertor circuit IV10, and a p-channel
MOS transistor T10b transmitting an output signal of the
invertor circuit IV11. The selection signal ¢Bsrw 1s supplied
to the gates of the MOS transistors T9b and T10b. The
selection circuits BMGa and BMGb may include CMOS
fransmission gates or tri-state builers 1n place of the MOS
transistors. They may simply have a function of selecting
one of the signal from the multiplexer BMUTr and the signal
on the bus line DBBj 1n accordance with the selection signal
pBsrw.

The transfer gate BT'Gw 1ncludes a transfer gate transistor
pair provided for the respective selector circuits BMGa and
BMGb. The latch circuit BLCHw includes an invertor
circuit IV12 having an input connected to an output node of
the selection circuit BMGa through the transfer gate BTGw,
and an 1mnvertor circuit IV13 having an input connected to an
output node of the selection circuit BMGb through the
transfer gate BTGw.

The selection gate BSGw 1ncludes a transfer gate tran-
sistor pair which conduct in response to the transfer mstruc-
fion signal ¢TRBw for transmitting output signals of the
respective 1invertor circuits IV12 and IV13 to the signal lines
ZBUia and BUia. The operation 1s now briefly described.

In accordance with the selection signal ¢Bsrw, the mul-
tiplexer BMUw selects one of the signal outputted from the
multiplexer BMUTr and the bus line DBBj. Then, the group
selection signal pBgw 1s brought mto an active state, and an
output signal of the multiplexer BMUw 1s latched by the
latch circuit BLCHw. This group selection signal ¢Bgw 1s
supplied in common to bus interface unit circuits of 16 bits,
so that respective bits on DB bus of 16 bits are latched. Then,
the transfer instruction signal ¢TRBw 1s brought into an
active state, and selection gates BSGw of 128 bits are
brought 1nto conducting states in the bus interface unit
(B1IU), so that latched signals of the corresponding latch
circuits BLCHw are transmitted to the signal lines BU1a and
ZBUia.

When the signal of the bus line DBB;j 1s selected and the
signal of this bus line DBBj 1s at a high level, for example,
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this high-level signal 1s latched by the latch circuit BLCHw
through the multiplexer BMUw and the transfer gate BTGw.
In this state, the output signal of the mvertor circuit IV12 1s
at a low level, and the output signal of the invertor circuit
IV13 1s at a high level. When the seclection gate BSGw
conducts, therefore, the high-level signal 1s transmitted to
the signal line BUia, and the low-level signal 1s transmitted
to the signal line ZBUia.

The multiplexer BMUw 1s provided in order to implement
a “copyback” operation for storing information temporarily
read from the DRAM back in the DRAM again.

When DB bus includes separately provided signal output
bus and signal 1nput bus, the selection gate BSGr 1s con-
nected to the output bus, and the latch amplifier circuit
BLAw 1s connected to the signal input bus.

(4) Structure of DRAM 26

FIG. 12 1s a diagram schematically showing the structure
of the DRAM 26 shown 1n FIG. 3 and FIG. 4. Referring to
FIG. 12, the DRAM 26 includes an A port 26a connected to
the BIU bus 24, a B port 265 connected to the GIO bus 28,
and a DRAM array part 26c¢ accessible through the A port
26a and the B port 26b. The DRAM array part 26c¢ includes
dynamic memory cells arranged in a matrix form, a sense
amplifier amplifying and latching information of a selected
memory cell, a precharge circuit precharging each column
(bit line pair) at a prescribed potential in a standby cycle, and
others. Each of the A port 26a and the B port 265 1ncludes
a row decoder selecting a row of the DRAM array part, a
column decoder selecting a column of the DRAM array part,
and a peripheral control circuit generating a control signal
driving the DRAM array part to a selected state.

The A port 26a and the B port 26b can be brought into an
active state independently of each other (under control from
a memory controller which is not shown). The structure of
this DRAM 26 may be similar to the structure of a general
two-port memory. Due to the structure of driving the A port
26a and the B port 266 1independently of each other, infor-
mation can be transferred between the BIU bus 24 and the
GIO bus 28 while employing the DRAM array part 26¢ as
a bulfer. More speciifically, the A port 26a and the B port 26b
bring the same row and column of the DRAM array part 26¢
into selected states, and one operates 1n an 1nformation write
mode while the other operates 1n an information read mode
in accordance with a direction of the information transfer.
An information store operation mto the DRAM array part
26¢ and information transfer between the BIU bus 24 and the
GIO bus 28 can be simultancously executed.

The SRAM 34 1s identical to a general SRAM, and
includes an address buffer, a row decoder, a column decoder
and an SRAM cell matrix. Namely, this SRAM 34 has the
same internal structure as an SRAM (chip) formed as a
discrete device.

(5) Structure of Bidirectional Transfer Gate

FIG. 13 1s a block diagram schematically showing the

structure of a transfer part for performing data transfer
between the GIO bus 28, the SBL bus 32 and the I'TB bus

35. Referring to FI1G. 13, the DRAM read buffer (DRB) 30
transferring the information supplied through the GIO bus
28 includes an amplifier latch 60 activated in response to
activation of a preamplifier activation signal ¢DPAE for
amplifying and latching an information signal transmitted
onto the GIO bus 28, and a transfer buifer 62 transferring the
information latched by the amplifier latch 60 to the memory
read buffer (MRB) 36 in response to activation of a transfer
mnstruction signal DRTE. This transfer buifer 62, which has
a buffering function, may simply be a gate such as a CMOS
transmission gate.
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The memory read buffer (MRB) 36 includes a transfer
cgate 64 activated 1n response to activation of a transfer
operation activation signal pSSAE for transferring the infor-
mation transmitted from the SRAM onto the SBL bus 32, a
selection latch 66 selectively latching information trans-
ferred from the DRAM read buffer (DRB) 30 and the
transfer gate 64, and an amplifier 68 amplifying the infor-
mation signal latched by the selection latch 66 for outputting
to the I'TB bus 35 and/or the memory write buffer (MWB)
38 1n response to activation of a bus transfer enable signal
¢DBITB.

Since only one of the transfer buffer 62 and the transfer
gate 64 1s brought into an active state at a time (which is
described later), the selection latch 66 latches the informa-
tion from this transfer buifer 62 or transfer gate 64 which 1s
in the active state. The output signals of the transfer buifer
62 and the transfer gate 64 are reset at prescribed potential
levels 1 1nactivation thereof.

The memory write buffer (MWB) 38 transfers the infor-
mation supplied on the I'TB bus 35 to the SBL bus 32 1n
response to activation of a write decode enable signal
¢SWDEL. This write decode enable signal §SWDEL starts
an address decode operation of the SRAM. A bus line
between this transter gate 70 and the I'TB bus 35 1s utilized
as a latch. This 1s because an mput part of this transfer gate
70 1s held 1n a determinant signal state by the output signal
of the amplifier 68 or the data register (DR) 1n 1nactivation
of the transfer gate 70.

The DRAM write buffer (DWB) 42 includes a transfer
cgate 72 brought into an active state 1n response to activation
of a buffer write enable signal ¢BWE {for transferring
information supplied through the memory write buffer
(MWB) 38, and a latch 74 latching the information trans-
ferred from the transfer gate 72 for transmission onto the
GIO bus 28. The transfer gate 72 1s directly connected to the
I'TB bus 35 through a bus line.

By simply conifiguring a part implementing a latch func-
tion only by a bus line in the memory write buffer (MWB)
38, it 1s not necessary to further provide a transfer gate for
performing transfer to the DRAM write buffer (DWB) 42 in
addition to the transfer gate 70 transferring the information
to the SBL bus 32 in this memory write buffer (MWB) 38,
it 1S not necessary to provide a latch circuit, and the
occupylng areca and power consumpfion of this memory
write buffer (MWB) 38 are reduced.

As shown 1n FIG. 13, information can be transferred at a
high speed with no collision of data and with no signal loss
by providing the latch function and the amplifying function
as well as the transfer gate with each transfer buffer.

In this FIG. 13, the signals ¢DRTE, ¢SSAE, ¢DBITB,
¢BWE and ¢SWDEL excluding the preamplifier enable
signal ¢DPAE are generated from the SRAM memory
controller controlling access to the SRAM described later,
on the basis of commands from the processor. The DRAM
preamplifier enable signal DPAE supplied to the amplifier
latch 60 of the DRAM read buffer (DRB) 30 is generated
from a DRAM memory controller controlling the operations
of the DRAM and the bus interface unit (BIU).

By generating these control signals (excluding the signal
®DPAE) from the SRAM controller, information can be
fransferred at a correct timing with no collision of the
information.

| Structure of DRAM Read Buffer (DRB) 30]

FIG. 14 1s a diagram showing an exemplary structure of
the DRAM read buffer (DRB) 30 shown in FIG. 13. The
structure of a 1-bit portion of DRAM read buifer 1s shown

in FIG. 14.
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Referring to FIG. 14, the amplifier latch 60 includes an
invertor butfer 60a activated 1n response to activation of the
preamplifier enable signal ¢DPAE for inverting and ampli-
fying a signal on a GIO bus line GIO1, an 1mnvertor buifer 605
activated 1n response to activation of the preamplifier enable
signal ¢DPAE for inverting and amplifying a signal on a
GIO bus line ZGIO1, an invertor buffer 60c¢ activated in
response to activation of the preamplifier enable signal
¢DPAE for further amplifying an output signal of the
imvertor buffer 60a, an invertor buffer 60d activated 1n
response to activation of the preamplifier enable signal
¢DPAE for further amplifying an output signal of the
invertor buffer 60b, a differential amplifier circuit 60e acti-
vated 1n response to activation of the preamplifier enable
signal pDPAE for differentially amplifying and latching the
output signals of the invertor bufiers 60a and 60b, a latch
circuit 60f latching the output signals of the invertor buifers
60a and 60b, and 1nvertor circuits IV20 and IV21 nverting
and outputting the latched signals of the latched circuit 60f
respectively.

Complementary signals DRB and ZDRB from the mver-

tor circuits IV20 and IV21 are supplied to the transier buifer
62.

The GIO bus lines GIO1 and ZGIO1 are signal lines
complementary to each other, and form a 1-bit bus line.

The invertor buifer 60a includes a p-channel MOS tran-
sistor Q1 connected between a power supply node Vcc and
a node N1 with a gate thereof connected to the GIO bus line
GIO1, and n-channel MOS ftransistors Q2 and Q3 serially
connected between the node N1 and a ground node. The
preamplifier enable signal ¢DPAE 1s supplied to the gate of
the MOS ftransistor Q2. The gate of the MOS transistor Q3
1s connected to the GIO bus line GIO1. The nvertor buifer
60b 1ncludes a p-channel MOS ftransistor Q4 connected
between a power supply node Vcc and a node N2 with a gate
thereof connected to the GIO bus line ZGIO1, and n-channel
MOS transistors Q5 and Q6 serially connected between the
node N2 and a ground node. The preamplifier enable signal
®DPAE 1s supplied to the gate of the MOS transistor Q5. The
cgate of the MOS transistor Q6 1s connected to the GIO bus
line GIO1.

The invertor buifer 60c includes a p-channel MOS tran-
sistor Q7 connected between a power supply node Vcc and
a node N3 with a gate thereof connected to the node N1, and
n-channel MOS transistors Q8 and QY connected between
the node N3 and a ground node. The preamplifier enable
signal ¢DPAE 1s supplied to the gate of the MOS transistor
Q8. The gate of the MOS transistor Q9 1s connected to the
node NI1.

The 1nvertor buffer 60d includes a p-channel MOS ftran-
sistor Q10 connected between a power supply node Vcc and
a node N4 with a gate thereof connected to the node N2, and
n-channel MOS transistors Q11 and Q12 serially connected
between the node N4 and a ground node. The preamplifier
enable signal ¢DPAE 1s supplied to the gate of the MOS
transistor Q11. The gate of the MOS transistor Q12 1is
connected to the node N2.

The latch circuit 60f includes an invertor circuit I1V22
inverting a signal potential on the node N4 and transmitting
the same to the node N3, and an mvertor IV23 inverting a
signal on the node N3 and transmitting the same to the node
N4,

The differential amplifier circuit 60¢ includes a p-channel
MOS transistor Q13 connected between a power supply
node Vcc and the node N1 and receiving the preamplifier
enable signal ¢DPAE on a gate thereof, a p-channel MOS
transistor Q14 connected between a power supply node Vcc
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and the node N1 with a gate thereof connected to the node
N2, a p-channel MOS transistor Q15 connected between a
power supply node Vcc and the node N2 and receiving the
preamplifier enable signal ¢DPAE on a gate thereof, and a
p-channel MOS transistor Q16 connected between a power
supply node Vcc and the node N2 with a gate thereof
connected to the node N1. The MOS transistors Q14 and
Q16 are cross-coupled with each other, and raise a high-level
potential on the node N1 or N2 to a power supply potential
Vce (the node and the voltage are denoted by the same

symbol). The operation of this amplifier latch 60 is now
described.

The GIO bus lines GIO1 and ZGIO1 are precharged at high
levels 1 the standby cycle. When the preamplifier enable
signal §DPAE 1s at a low level, the MOS transistors Q2 and
Q35 are 1n OFF states, and the 1invertor buffers 60a and 605
are 1n output high 1impedance states.

In the differential amplifier circuit 60¢, the MOS transis-
tors Q13 and Q135 are in ON states 1n accordance with the
low-level preamplifier enable signal ¢DPAE, and the nodes
N1 and N2 are precharged at the power supply potential Vcc
level. These nodes N1 and N2 are at high levels, and the
MOS transistors Q7 and Q10 are both 1n OFF states. Further,
the preamplifier enable signal §DPAE 1s at the low level, and
the MOS transistors Q8 and Q11 are 1n OFF states. In this
state, the latch circuit 60f latches information in a precedent
cycle, and signals 1n the precedent cycle are sustainingly
outputted from the 1nvertor circuits IV20 and IV21.

When the preamplifier enable signal ¢DPAE rises to a
high level, the MOS transistors Q2 and Q35 enter ON states,
the invertor buffers 60a and 60b are brought into operating
states, and the signals of the GIO bus lines GIO1 and ZGIO1
are inverted and amplified to be transmitted to the nodes N1
and N2 respectively. In the differential amplifier circuit 60e,
the MOS transistors Q13 and Q14 are brought into OFF
states, and the signal potentials transmitted onto these nodes
N1 and N2 are further differentially amplified by the MOS
transistors Q14 and Q16. Now, consider such a case that a
high-level signal 1s transmitted onto the GIO bus line GIO1
and a low-level signal 1s transmitted to the GIO bus line
Z(GIO1. In this state, the node N1 1s at a low level, while the
node N2 maintains a high level. The MOS transistor Q16
enters an ON state 1n accordance with the low level of the
node N1, and maintains the node N2 at the power supply
potential Vce level. On the other hand, the MOS transistor
Q14 1s brought into an OFF state, and the potential level of
the node N1 lowers.

The conductance of the MOS transistor Q7 increases in
accordance with this potential change of the nodes N1 and
N2, while the MOS transistor Q10 maintains an OFF state.
Thus, a current 1s supplied from the power supply node Vcc
toward the node N3 through the MOS transistor Q7. Further,
the MOS transistors Q8 and Q11 enter ON states, and the
node N4 1s discharged through the MOS transistors Q11 and
Q12 (the potential of the node N2 1s at a high level). On the
other hand, the MOS transistor Q9 1s 1n an OFF state, since
the potential of the node N1 1s at a low level. Thus, the
output signals of the invertor buifers 60c and 60d change at
a high speed, and the output signals of the mvertor buifers
60c and 60d are latched by the latch circuit 607

In this state, the node N3 attains a high level, and the node
N4 attains a low level. Signals on these nodes N3 and N4 are
inverted and amplified by the invertor circuits 1V21 and
V20 for transmission.

By utilizing these invertor buifers and the differential
amplifier circuit, small potential change of the GIO bus lines
GIO1 and ZGIO1 1s amplified at a high speed. By the invertor
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circuits IV22 and IV23 of the latch circuit 60, the potentials
of the nodes N3 and N4 are changed and latched at a high
speed, and information transfer at a high speed 1s enabled.

The transfer buifer 62 includes a p-channel MOS transis-
tor Q20 connected between a power supply node Vce and a
node N3 and receiving the read transfer enable signal
¢DRTE on a gate thereof, a p-channel MOS ftransistor Q21
connected between the node N3 and a node N6 and receiving
the output signal ZDRB of the amplifier latch 60, an
n-channel MOS transistor Q22 connected between the node
N6 and a ground node and receiving the signal ZDRB on a
cgate thereof, an n-channel MOS transistor Q23 connected
between the node N6 and a ground node and receiving the
read transfer enable signal ¢DRTE on a gate thereof, a
p-channel MOS transistor Q24 connected between the node
NS and a node N7 and receiving the output signal DRB of
the amplifier latch 60 on a gate thereof, an n-channel MOS
transistor Q25 connected between the node N7 and a ground
node and receiving the signal DRB on a gate thereof, and an
n-channel MOS transistor Q26 connected between the node
N7 and a ground node and receiving the read transfer enable
signal ¢DRTE on a gate thereof.

Signals DRO and ZDRO complementary to each other are
outputted from the nodes N6 and N7, and supplied to the
selection latch 66 of the memory read buffer (MRB) 36. The
operation 1s now briefly described.

When the read transfer enable signal ¢ZDRTE 1s at a high
level of an 1nactive state, the MOS transistor Q20 1s 1n an
OFF state, and the MOS transistors Q23 and Q26 are in ON
states. In this state, the nodes N6 and N7 are fixed at the
oround potential level through the MOS transistors Q23 and
Q26.

When the read transfer enable signal ¢ZDRTE 1s brought
into an active state of a low level, the MOS transistors Q23
and Q26 enter OFF states, the MOS transistor Q20 enters an
ON state, and the power supply potential Vcc 1s transmitted
to the node NS5. Thus, the MOS transistors Q21 and Q22
operate as a CMOS 1nvertor, and invert the output signal
ZDRB from the amplifier latch 60 to generate the signal
DRO. Further, the MOS transistors Q24 and Q25 operate as
a CMOS mvertor, and 1nvert the output signal DRB from the
amplifier latch 60 to generate the signal ZDRO.

By implementing the two-stage latch and amplifier trans-
fer structure with this amplifier latch 60 and the transfer
buffer 62, amplified, latched and stabilized information 1s
reliably transmitted to a circuit at a next stage. By providing
the latch, further, information can be successively correctly
transferred every clock cycle (transfer cycle).

| Structure of Memory Read Buffer (MRB)]

FIG. 15 1s a diagram showing an exemplary structure of
the memory read buffer (MRB) 36 shown in FIG. 13. The
structure of a 1-bit part of the memory read buffer (MRB) 36
1s shown 1n FIG. 15.

Referring to FIG. 15, the transter gate 64 includes
n-channel MOS transistors Q30 and Q31 which conduct in
response to activation of the SRAM transfer enable signal
OSSAE for transmitting signals on SBL bus lines SBL1 and
ZSBL1 to the nodes N8 and N9 respectively, and p-channel
MOS transistors Q32 and Q33 which conduct 1n 1inactivation
of the SRAM transfer enable signal ¢SSAE for transmitting
the power supply potential Vcc to the nodes N8 and N9. The
bus lines SBL1 and ZSBL1 are complementary signal lines,
and form a 1-bit SBL bus line.

The selection latch 66 includes a differential amplifier
circuit 66a differentially amplifying the complementary
signals transferred from this transfer gate 64 onto the nodes
N8 and N9, a differential amplifier circuit 66b differentially
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amplifying the complementary signals DRO and ZDRO
transmitted from the transfer buflfer 62 shown 1in FIG. 14,
and a latch circuit 66¢ amplifying and latching an output
signal from one of the differential amplifier circuits 66a and
660.

The differential amplifier circuit 66a 1includes a p-channel
MOS transistor Q34 connected between a power supply
node Vcc and a node N10 with a gate thereof connected to
the node N8, and a p-channel MOS transistor Q35 connected
between a power supply node Vcc and a node N11 with a
cgate thereol connected to the node N9. The differential
amplifier circuit 665 1ncludes an n-channel MOS transistor
(036 connected between the node N11 and a ground node
and receiving the output signal DRO from the transfer buflfer
62 on a gate thereof, and an n-channel MOS transistor Q37
connected between the node N10 and a ground node and
rece1ving the output signal ZDRO from the transfer butfer 62
on a gate thereof.

The latch circuit 66¢ includes an 1nvertor circuit IV23
inverting a signal on the node N11 for transmission to the
node N10, and an invertor circuit IV26 mverting a signal on
the node N10 for transmission to the node N11. The opera-
tion of this selector latch 66 1s now described.

An operation 1n a case of latching the signal from the
transter gate 64 1s first described. In this transfer operation,
the transfer buffer 62 shown 1 FIG. 14 1s 1n an 1nactive state,
and 1ts output signals DRO and ZDRO are both at low levels.
Therefore, the MOS transistors Q36 and Q37 1n the differ-
ential amplifier circuit 665 are both 1n OFF states. When the
SRAM ftransfer enable signal ¢SSAE 15 at a low level of an
inactive state, the nodes N8 and N9 are precharged at the
power supply potential Ve level by the MOS transistors
Q32 and Q33, and the MOS transistors Q34 and Q35 1n the
differential amplifier circuit 66a are both in OFF states. In
this state, the latch circuit 66¢ holds a precedent state.

When the SRAM transier enable signal §SSAE 1s brought
into a high level of an active state, the MOS transistors Q32
and Q33 enter OFF states, precharging of the nodes N8 and
N9 completes, and the signals on the bus signal lines SBL1
and ZSBL1 of the SBL bus are transmitted to the nodes N8
and N9. Signals appearing on these nodes N8 and N9 are
complementary signals. When a high-level signal 1s trans-
mitted onto the node N8, the MOS transistor Q34 1s 1n an
OFF state, while the MOS transistor Q35 has a conductance
reduced to shift to an ON state. Thus, the node N11 1s
supplied with a current from the power supply node Vcc, and
the potential of the node N11 increases.

If the current drivability of the MOS transistors Q34 and
Q35 1s sufliciently larger than the current drivability of the
invertor circuits IV25 and 1V26, the output signal of the
imvertor circuit IV25 lowers to a low level, the node N11 1s
driven to a high level of the power supply potential Ve level
and the node N10 1s driven to a low level of the ground
potential at a high speed and latched 1in accordance with the
potential increase of this node N11. Thus, a high-level signal
Z/MRB 1s outputted from the node NI11, and a low-level
signal 1s outputted from the node N10.

In a case of transferring the output signals DRO and
ZDRO from the transfer buffer 62, the following operation
1s performed. In this state, the SRAM transfer enable signal
OSSAE 1s at a low level of an 1nactive state, the nodes N8
and N9 are both at high levels, and the MOS transistors Q34
and Q335 of the differential amplifier circuit 66a are both 1n
OFF states. The output signals DRO and ZDRO are at low
levels of 1nactive states, and the MOS transistors Q36 and
Q37 are in OFF states. The latch circuit 66¢ holds a

precedent state 1n this state.
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When the signals DRO and ZDRO are outputted from the
transfer buffer 62 (see FIG. 14), the potential levels of the
MOS ftransistors Q36 and Q37 change. When the signal
DRO 1s at a high level, the conductance of the MOS
transistor Q36 becomes larger than the conductance of the
MOS transistor Q37. If the current drivability of the MOS
transistors Q36 and Q37 1s sufficiently larger than the current
drivability of the invertor circuits IV2S and IV26, the node
N11 1s discharged to the ground potential level through the
MOS transistor Q36.

Due to this potential reduction of the node NI11, the
potentials of the nodes N11 and N10 are latched at a low
level and a high level respectively at a high speed by the
invertor circuits IV25 and 1V26. By making the current
drivability of the MOS transistors Q34, Q35, Q36 and Q37
orcater than the current drivability of the invertor circuits
IV25 and IV26 the signals transferred from the transfer gate
64 and the transfer buffer 62 (see FIG. 14) are reliably
amplified and latched. By providing the differential ampli-
fler circuits 66a and 665 between the latch nodes N10 and
N11 of the latch circuit 66¢, and the power supply node Vcc
and the ground node respectively and driving the respective
ones 1n accordance with the output signals of the transfer
cate 64 and the transfer buffer 62, it 1s possible to reliably
selectively amplify and latch these output signals of the
transfer gate 64 and the transfer buffer 62 without requiring
a circuit such as a multiplexer.

The amplifier 68 drives the I'TB bus line I1 1n accordance
with the output signal of the invertor circuit IV27 mverting
an output signal ZMRD of the selection latch 66. This
amplifier 68 includes CMOS ftransmission gates TF1 and
TF2 made conductive in activation of bus line transfer
enable signals ¢DBITB and ¢ZDBITB for transmitting the
output signal of the mvertor circuit IV27 to nodes N12 and
N13 respectively, a p-channel MOS ftransistor Q38 con-
nected between a power supply node Vcc and the node N12
and receiving the bus transfer enable signal ¢DBITB on a
cgate thereof, an n-channel MOS transistor Q39 connected
between the node N13 and a ground node and receiving the
bus transfer enable signal ¢ZDBITB on a gate thereof, a
p-channel MOS transistor Q40 connected between a power
supply node Vcc and an output node N14 with a gate thereot
connected to the node N12, and an n-channel MOS transistor
(041 connected between the output node N14 and a ground
node with a gate thereof connected to the node N13. The
operation of this amplifier 68 1s now briefly described.

In mnactivation of the bus transfer enable signals gDBITEB
and ¢ZDBITB, the CMOS transmission gates TF1 and TF2
are both 1n non-conducting states. In this state, the MOS
transistor Q38 charges the node N12 to the power supply
potential Vcc level and maintains the MOS transistor Q40 1n
an OFF state 1n response to the bus transfer enable signal
¢DBITB of an inactive state (low level). On the other hand,
the MOS transistor Q39 holds the node N13 at the ground
potential level and maintains the MOS transistor Q41 1n an
OFF state 1n response to the bus transfer enable signal

¢ZDBITB of an inactive state (high level).

When the bus transfer enable signals ¢DBITB and
¢ZDBITB are brought into active states, the MOS transistors
Q38 and Q39 arec brought mnto OFF states. At this time, the
CMOS transmission gates TF1 and TF2 are brought into

conducting states, and the output signal from the invertor
circuit IV27 1s transmitted to the nodes N12 and N13. The

nodes N12 and N13 are brought into the same potential level
by the output signal of the mvertor circuit IV27, and one of
the MOS transistors Q40 and Q41 enters a conducting state

while the other one maintains a non-conducting state. Thus,
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a signal obtained by inverting the output signal of the
invertor circuit IV27 1s transmitted to the I'TB bus line Ii
which has theretofore been 1n a high impedance state. Due
to the structure of bringing the amplifier 68 1nto an output
high impedance state, no bad influence 1s exerted on 1nfor-

mation transfer from the memory write buffer (MWB) to the
DRAM write buffer (DWB) described later.

[Structures of DRAM Write Buffer (DWB) 42 and
Memory Write Buffer (MWB) 38]

FIG. 16 1s a diagram speciiically showing exemplary
structures of the DRAM write buffer (DWB) 42 and the
memory write buffer (MWB) 38 shown in FIG. 13. The
structures of 1-bit portion of each of DRAM write buifer
(DWB) 42 and memory write buffer (MWB) 38 are shown
in FIG. 16.

Referring to FIG. 16, the transfer gate 72 of the DRAM
write buffer (DWB) 42 is formed by a CMOS transmission
cgate which conducts in activation of the buifer write enable
signals pBWE and ¢ZBWE {for transmitting the signal on the
I'TB bus line Ii. The latch circuit 74 mcludes mvertor circuits
IV30a and 1V30b. An output signal of an invertor circuit
[V30H is transmitted to the GIO bus line (GIOi). The
structure of this DRAM write buffer (DWB) merely includes
the gate and the latch circuit, and the DRAM write buifer
(DWB) 42 is brought into a latching state in inactivation of
the transfer gate 72 formed by the CMOS transmission gate.
This latch circuit 74 imncludes the invertor circuits IV30a and
IV30b, and has an amplifying function. When the transfer
cgate 72 conducts, the signal potential on the I'TB bus line Ii
1s amplified and latched by the latch circuit 74 and trans-
mitted to the GIO bus line. By providing this latch circuit 74,
it 1s possible to correctly transmit information from the ITB
bus to the GIO bus every transier cycle.

The memory write buffer (MWB) 38 includes two stages
of cascaded invertor circuits IV31 and 1V32 which receive
the signal potential on the ITB line I1, an invertor circuit
IV33 which 1s provided in parallel with the invertor circuits
IV31 and I1V32 and receives the signal on the ITB bus line
I1, and the transfer gate 70 which conducts in activation of
the write decode enable signal ¢SWDEL for transmitting
output signals of the invertor circuits IV32 and IV33 to the
SBL bus lines ZSBL1 and SBL1 respectively.

The transfer gate 70 includes transfer gate transistor pair
made conductive 1n activation of the write decode enable
signal pSWDEL. In 1nactivation of the amplifier 68 of the
memory read buffer (MRB), this amplifier 68 is brought into
an output high impedance state. Therefore, the invertor
circuits IV31 and 1V32, and IV33 generate signals comple-
mentary to each other, and hold the signal transmitted onto
this ITB bus line Ii in mactivation of the transfer gate 70.
Therefore, in this memory write buffer (MWB) 38, an
interconnection line part 1s utilized as a latch to reduce the
circuit occupying area.

Due to this structure utilizing the interconnection line part
as a latch, 1t 1s possible to readily implement simultaneous
information transfer from the memory read buffer (MRB) 36

to the I'TB bus and the memory write buffer (MWB).

[Modlﬁcauon 1 of Memory Read Buffer (MRB)]

FIG. 17 1s a diagram showing the structure of a modifi-
cation of the memory read buffer (MRB) 36. Referring to
FIG. 17, the memory read buffer (MRB) 36 includes an
amplifier gate 64a activated 1n response to activation of the
SRAM ftransfer enable signal ¢SSAE for amplifying and
transferring information on the SBL bus 32, a selection latch
66 for selectively amplifying and latching one of an output
signal of the amplifier gate 64a and the output signal DRO

of the DRAM read buffer (DRB), an amplifier 68a ampli-
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fying an output signal of the selection latch 66, and a transfer
cate 68b activated 1n response to activation of the bus

transfer enable signal ¢DBITB for transferring an output
signal of the amplifier 68a to the I'TB bus 335.

The structure of the selection latch 66 1s identical to the
structure shown 1 FIG. 15. The amplifier gate 64a has both
of a function of a transfer gate and a function as an amplifier.
For example, a structure similar to the amplifier latch 60
included 1n the DRAM read builfer shown 1n FIG. 14 can be
utilized as the structure of this amplifier 64a. Such a
structure that the amplifiers 68a and 68b arc not provided
separatedly from each other but integrated latching and

amplitying the output signals as shown in the precedent FIG.
15 may be employed.

In the structure shown 1n this FIG. 17, information on the
SBL bus 32 1s amplified by the amplifier gate 64a.
Therefore, it 1s possible to reliably amplity the information

on the SBL bus for transmitssion to the selection latch 66,
and correct transmission of the information can be 1mple-
mented.

The precedent structure shown 1n FIG. 15 1s equivalent to
such a structure that an amplifier part of this amplifier gate
64a 1s shared with the amplifier of the memory read buffer
(MRB), and the occupied area can be reduced.

[ Modification 2 of Memory Read Buffer (MRB)]

FIG. 18 1s a diagram showing the structure of a modifi-
cation 2 of the memory read buffer (MRB). In the memory
read buffer (MRB) 36 shown in FIG. 18, a transfer gate 64
includes a gate 64b transmitting the mmformation on the SBL
bus 1n response to activation of the SRAM transfer enable
signal §SSAE, and a level shifter 64¢ holding the potential
level of a signal from this gate 64b for transmission to a
selection gate 66 1n response to activation of an SRAM
transfer enable signal ¢ZSSAE.

This level shifter 64¢ has the ability of holding the signal
level on the SBL bus, and transmits the signal potential on
the SBL bus to the selection gate 66. This signal potential on
the SBL bus 1s finally amplified by an amplifier 684, and
transmitted to the ITB bus through a transfer gate 68b. Since
no large current drivability i1s required to the level shifter
64c, current consumption can be reduced. Further, the
transistor size can also be reduced, and the circuit occupying
arca can be reduced.

FIG. 19 1s a diagram showing an exemplary structure of
the level shifter 64c shown 1 FIG. 18. A 1-bit part of the
level shifter 1s shown 1n FIG. 19.

Referring to FIG. 19, the level shifter 64¢ includes a
p-channel MOS transistor Q350 connected between a power
supply node Vce and a node N17 and receiving the SRAM
transfer enable signal ¢ZSSAE on a gate thereof, an
n-channel MOS transistor Q351 connected between the node
N17 and a node N15 with a gate thercof connected to the
SBL bus line SBLi, an n-channel MOS transistor Q52
connected between the node N17 and a node N16 with a gate
thereof connected to the SBL bus line ZSBL.1, an n-channel
MOS transistor Q353 connected between the node N1§ and
the node N16 and receiving an equalize mstruction signal
¢EQ on a gate thereof, and an n-channel MOS transistor Q54
connected between the node N15 and the node N16 and
receiving the SRAM transfer enable signal ¢ZSSAE on a
gate thereof.

The SBL bus lines SBL1 and ZSBLi1 are signal lines
complementary to each other, and form a 1-bit SBL bus line.
The equalize mstruction signal ¢EQ 1s brought into an active

state (high level) in inactivation of this memory read buffer

(MRB) 64.
The level shifter 64¢ turther includes an n-channel MOS

transistor Q55 connected between the node NI15 and a
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cground node with a gate thereof connected to the node N16,
an n-channel MOS transistor Q56 connected between the
node N15 and a ground node and receiving the SRAM
transfer enable signal ¢ZSSAE on a gate thereof, an
n-channel MOS transistor Q57 connected between the node
N16 and a ground node and having a gate connected to the
node N15, and an n-channel MOS transistor Q58 connected
between the node N16 and a ground node and receiving the
SRAM ftransfer enable signal ¢ZSSAE on a gate thereof. The
nodes N15 and N16 are connected to the selection gate 66.
The operation of this level shifter 64¢c shown 1n FIG. 19 1s
now briefly described.

When the memory read buffer (MRB) 36 is in an inactive
state, the equalize instruction signal EQ 1s at a high level
of an active state, and the SRAM transier enable signal
¢ZSSAE 15 at a high level of an 1nactive state. In this state,
the MOS transistor Q50 1s 1n an OFF state, and the MOS
transistors Q33 and Q54 are ON states. Thus, the potentials
of the nodes N15 and N16 are equalized with each other.
Further, the MOS transistors Q56 and QS8 enter ON states,
the nodes N15§ and N16 are both discharged to the ground
potential level, and signals LSO1 and ZLSO1 are at low
levels. Since these signals L.SO1 and ZLSO1 are both at low
levels, an operation of selecting the output signal LSO of the
transfer gate 64 in the seclection gate 66 is inhibited (these
output signals LSO1 and ZIL.SO1 are supplied to the selection
gate through the invertor).

When the memory read buffer (MRB) 36 is brought into
an active state, the equalize 1nstruction signal ¢EQ 1s
brought into an inactive state (low level), and the MOS
transistor Q33 1s brought into an OFF state. Also 1n this state,
the MOS transistor Q54 i1s still in an ON state, and the
potential levels of the nodes N15 and N16 are equalized with

cach other. Complementary signals are transmitted onto the
SBL bus lines SBL1 and ZSBL.1, and the conductance of the

MOS transistors Q351 and Q52 changes.

In this state, the SRAM transfer enable signal ¢ZSSAE 1s
then brought into an active state (low level). Thus, the MOS
transistor Q350 1s brought into an ON state, and the node N17
1s charged to the power supply potential Vcce level. Further,
the MOS transistor Q54 enters an OFF state, and the
equalizing operation for the nodes N15 and N16 1s stopped.
Thus, signal potentials according to the signal potentials of
the SBL bus lines SBL1 and ZSBL1 are transmitted to the
nodes N15 and N16 by source follower mode operations of
the MOS transistors Q51 and Q52. The MOS transistors Q356
and Q58 are 1n OFF states.

In accordance with the potential changes of the nodes N15
and N16, the conductance of the MOS transistors Q55 and

Q57 changes, and the potential level of a low-potential node
out of the nodes N15 and N16 1s further reduced. Since the
current drivability of the MOS transistors Q35 and Q57 is
not much increased, discharge of the low-potential node out
of the nodes N15 and N16 to the ground potential level 1s
stopped, and the potential thereat 1s held at an intermediate
potential level. Thus, the signals SLLO1 and ZS1.O1 having a
signal potential difference according to the signal potential
difference between the SBL bus lines SBL1 and ZSBL1 are
generated.

By utilizing the level shifter 64c¢, a signal having the
necessary minimum signal amplitude can be transmitted to
the selection gate 66, and the occupied area by this level
shifter can be reduced. The selection gate 66 selects and
latches the signal supplied from this level shifter 64¢ and
supplies the same to the amplifier 684, so that the amplifier
68a finally amplifies the signals on the SBL bus lines to a
high level and a low level, for transmission to the I'TB bus
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through the transfer gate 68b. There 1s no need to provide
amplifiers having large current drivability on both for the
SBL bus lines and for driving the I'TB bus, and the circuit
occupying area 1s reduced.

According to the embodiment 1 of the present invention,
as hereimnabove described, the bus interface unit, the DRAM,
the SRAM and the processor (CPU) are so structured as to
be connected by separate buses respectively, whereby the
information can be transferred internally through the bus
interface unit also 1n information transfer with an external
device, and the information can be efficiently transferred. As
to 1internal bus-to-bus information transfer, further, the infor-
mation can be transferred from the second one to the first
onc during mformation transfer from the first one to the
second one by utilizing the bidirectional transter circuit, and
cfiicient information transfer can be implemented.

| Embodiment 2]

FIG. 20 1s a diagram showing the planar layout of
components of a microcomputer according to an embodi-
ment 2 of the present invention. Referring to FIG. 20, an
instruction register (IR) 44 and a data register (DR) 46 are
arranged 1n the vicinity of a processor (CPU) 52. The
instruction register (IR) 44 is connected to the processor
(CPU) 52 through an IR bus 148, and the data register (DR)
46 1s connected to the processor (CPU) 52 through a DR bus
150. By arranging these registers 44 and 46 1n the vicinity
of the processor (CPU) 52, the IR bus 148 and the DR bus
150 can be substantially linearly arranged, the lengths of
these buses 148 and 150 can be shortened, both parasitic
capacitance and parasitic resistance can be reduced, and
instruction and data transfer at a high speed can be 1mple-
mented.

A second bidirectional transfer circuit 85 1s arranged 1n
proximity to the instruction register (IR) 44 and the data
register (DR) 46. This second bidirectional transfer circuit
85 includes a memory read buffer (MRB) and a memory
write buffer (MWB). The second bidirectional transfer cir-
cuit 85 is connected to the instruction register (IR) 44 and
the data register (DR) 46 through an I'TB bus 1385. This ITB
bus 135 can be arranged by utilizing a region between this
second bidirectional transfer circuit 85 and the registers 44
and 46 and 1its peripheral region. The second bidirectional
transfer circuit 85 1s arranged adjacently to the registers 44
and 46. Therefore, this I'TB bus can also be arranged over the
shortest distance. Thus, the parasitic capacitance and the
parasitic resistance of the ITB bus 135 can be minimized,
and high speed instructions and data (information) can be
transferred. Since these I'TB bus 135, IR bus 148 and DR bus
150 can be arranged over the shortest distance, a bus capable
of performing information transfer corresponding to a dock
frequency of about 100 MHz, for example, can be 1mple-
mented.

An SRAM 34 1s arranged on an opposite side to the
instruction register (IR) 44 and the data register (DR) 46
with respect to the second bidirectional transfer circuit 85.
An SBL bus 132 1s arranged on a region between the SRAM
34 and the second bidirectional transfer circuit 85. A first
bidirectional transfer circuit 80 1s arranged opposing to the
second bidirectional transfer circuit 85 with respect to the
SRAM 34. The first bidirectional transfer circuit 80 mcludes
a DRAM read buffer (DRB) and a DRAM write buffer
(DWB). The memory read buffer (MRB) included in the
second bidirectional transfer circuit 85 1s connected with the
DRAM read buffer (DRB) included in the first bidirectional
transter circuit 80 through a DRB bus 131. The memory
write buffer (MWB) included in the second bidirectional
transfer circuit 85 1s connected with the DRAM write buifer
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(DWB) included in the fist bidirectional transfer circuit 80
through a DWB bus 140. These DRB bus 131 and DWB bus
140 are arranged overlapping with the SRAM 34 1n a plan
view. In other words, the DRB bus 131 and the DWB bus
140 are arranged extending over the SRAM 34. The DRAM
bus 131 and the DWB bus 140 are formed at an intercon-
nection layer upper than the SBL bus 132. Also when
arranging these DRB bus 131 and DWB bus 140 to extend
over the SRAM 34, therefore, these bus interconnection
lines 131 and 140 exert no bad influence on interconnection
of the SBL bus 132.

By arranging the SRAM 34 adjacently to this second
bidirectional transfer circuit 85, the SBL bus 132 between
the SRAM 34 and the second bidirectional transfer circuit 85
can be made shortest, and a high-speed bus can be 1mple-
mented. Further, by arranging the DRB bus 131 and the
DWB bus 140 to extend over the SRAM 34, further, these
DRB bus 131 and DWB 140 can be linearly arranged over
the shortest distance without requiring a specific 1ntercon-
nection region, the parasitic capacitance and the parasitic
resistance of these buses can be minimized, signal propa-
gation delay by interconnection lines and a charge/discharge
current on the buses can be both minimized (charge/
discharge of the parasitic capacitance reduces), and buses of
a high speed and low power consumption can be imple-
mented.

A DRAM 26 1s arranged on an opposite side to the SRAM
34 with respect to the first bidirectional transfer circuit 80.
This DRAM and the first bidirectional transfer circuit 80 are
connected with each other through a GIO bus 128. This GIO
bus 128 1s arranged on a peripheral region of the DRAM 26
and the first bidirectional transfer circuit 80. No high-speed
operation 1s required to this GIO bus, and hence no problem
arises 1n particular even if the slightly long GIO bus 128 1s
arranged 1n this peripheral region.

Abus interface unit (BIU) 23 is arranged opposing to the
first bidirectional transfer circuit 80 with respect to this
DRAM 26. The bus interface unit (BIU) 23 and the DRAM
26 are connected with each other through a BIU bus 124.
This BIU bus also performs information transfer in accor-
dance with a low-speed clock, and hence no high-speed
operation 1s required. Therefore, no problem arises even if
this BIU bus 124 somewhat lengthens.

By arranging the components of the microcomputer sub-
stantially in alignment on a straight line as shown 1n this
FIG. 20, the bus line lengths between the respective com-
ponents can be minimized, the parasitic capacitance and the
parasitic resistance of the buses can be minimized, signal
propagation delay by interconnection lines and the charge/
discharge current for the buses can be suppressed to the
minimum, and a bus arrangement transferring information at
a high speed with low power consumption can be 1mple-
mented.

The SBL bus 132 1s arranged with no requirement for a
specific mterconnection region since the SRAM 34 and the
second bidirectional transfer circuit 85 are adjacently
arranged (the DRB bus 131 and the DWB bus 140 are at
interconnection layers upper than this SBL bus).

FIG. 21 1s a diagram showing an exemplary chip layout
of the microcomputer according to the embodiment 2 of the
present invention. Referring to FIG. 21, the microcomputer
having a built-in memory 1s formed on a semiconductor chip
200. This semiconductor chip 200 1s split into four regions

#A, #B, #C and #D.

In the region #A, a bus interface unit (BIU) 234, a DRAM
26a, a first bidirectional transfer circuit (DRB/DWB) 80q,
an SRAM 34a, a second bidirectional transfer circuit (MRB/
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MWB) 854, an instruction register (IR) 44a and a data
register (DR) 46a are arranged. The DRAM 26a has a
storage capacity of 2 Mbits (512 rows by 256 columns by 16
blocks), and the SRAM 344 has a storage capacity of 8 Kbits
(256 rows by 32 columns).

The bus interface unit (BIU) 23a and the DRAM 264 are
interconnected with each other by a BIU bus 1244, the
DRAM 26a and the first bidirectional transter circuit 80a are
interconnected with each other by a GIO bus 1284, and the
first bidirectional transfer circuit 80a and the second bidi-

rectional transfer circuit 854 are interconnected with each
other by a bus 139a. This bus 1394 includes both of a bus

line connecting the DRAM read buffer (DRB) and the
memory read buffer (MRB) and a bus line interconnecting,
the DRAM write buffer (DWB) and the memory write buffer
(MWB).

Further, the SRAM 34a and the second bidirectional
transfer circuit 85a are interconnected with each other by a
bus 1324, and the second bidirectional transfer circuit 854
and the data register (DR) 46a as well as the instruction
register (IR) 44a are interconnected with each other by an
ITB bus 1354. The layout of the interconnection lines and
the components 1n this region #A 1s i1dentical to the layout
shown 1in FIG. 20 except that the bit width of the buses
becomes ¥ times.

DQ pads DQa of 4 bits are arranged between the bus
interface unit (BIU) 23a and a shorter side edge portion of
the semiconductor chip 200. The DQ pads DQa and the bus
interface unit (BIU) 23a are connected with each other by a
DB bus 22a.

In the chip layout shown 1n FIG. 21, individual compo-
nents excluding the processor (CPU) 52 among the compo-
nents of the microcomputer shown 1n FIG. 20 are split into

four groups, and dispersed and arranged in the four regions
#A to #D. In the respective ones of the regions #B to #D,
therefore, the same components as in the region #A are
arranged 1n the same layout (mirror-symmetrically with
respect to the chip longer side center). Reference numerals
identical to those of the components and the buses shown in
the region #A are applied to the components 1n these regions
#B to #D, and the regions are shown by the final characters
thereof.

By configuring the components of the regions #A and #C
and the elements of the regions #B and #D into mirror-
symmeftrical arrangement with respect to the central portion
in the longer side direction of the semiconductor chip 200 as
shown 1n this FIG. 21, 1f the layout of the components 1in one
region 1s optimized, the components can be arranged 1n the
optimum layout also in the remaining regions by arranging
optimized layout mirror-symmetrically.

The processor (CPU) 52 and a memory controller 210 are
arranged on the central portion with respect to the longer
sides of the semiconductor chip 200. This memory controller
210 decodes commands from the processor (CPU), and
ogenerates various control signals shown m the precedent
embodiment 1. Namely, this memory controller 210 includes
a controller for the SRAM, and a controller for the DRAM
and the bus interface unit (BIU).

Instruction registers (IR) 44a, 44b, 44¢ and 44d of the
regions #A to #D are connected to the processor (CPU) 52
through the respective buses 48a, 48b, 48¢ and 48d, and data
registers (DR) 46a, 46b, 46¢ and 46d are connected to the
processor (CPU) 52 through the respective buses 150aq,
1505, 150c¢ and 150d4.

By arranging the processor (CPU) 52 on the central
portion with respect to the longer sides of the semiconductor
chip 200, the interconnection line lengths of the buses 1504
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to 1504 and 148a to 148d between the mstruction registers
as well as the data registers of the respective regions #A to
#D and the processor (CPU) can be substantially equalized
with each other, and region dependency of signal propaga-
fion delay 1n these buses can be eliminated.

By arranging DQ pads DQa to DQd between the bus
interface units (BIU) 23a to 23d of the regions #A to #D and
the end portions at shorter side of the semiconductor chip
200, further, the DQ pads DQa to DQd can be arranged in
the vicinity of the respective bus interface units (BIU) 23a
to 23d, interconnection line regions of the DB buses 224 to
22d can be reduced, and increase of the chip area can be
suppressed.

By arranging the DQ pads DQa to DQd on the end
portions at shorter side of the semiconductor chip 200,
further, a control signal input/output pad for the processor
(CPU) 52 can be arranged in the vicinity of the central
region with respect to the longer sides of the semiconductor
chip 200 adjacently to the processor (CPU) 52. This control
input/output pad arrangement region for the processor
(CPU) 52 is shown by a broken line block 218§ in FIG. 21.
Thus, signals can be nputted/outputted with respect to the
processor (CPU) 52 with the minimum delay time, the
processor (CPU) 52 can be operated at a fast timing in
accordance with control signals from an exterior, signals
from the processor (CPU) 52 can be outputted to the external
device at a fast timing, and a microcomputer performing a
high-speed operation can be implemented.

According to the embodiment 2 of the present invention,
as hereinabove described, the components of the microcom-
puter are arranged 1n alignment, and the components per-
forming transfer of information with the processor (CPU)
are arranged in the vicinity of the processor (CPU), whereby
the bus interconnection lines between the respective com-
ponents can be substantially linearly arranged over the
shortest distances, and the information can be transferred at
a high speed. Thus, a microcomputer operating at a high
speed can be implemented.

| Embodiment 3]

FIG. 22 1s a diagram showing the structure of a main part
of a microcomputer according to an embodiment 3 of the
present mvention. Only the structure of a part related to an

SRAM 1s shown 1n FIG. 22. A plurality of SRAM array parts
26x, 26y, . .., 26z are arranged. Each of these SRAM array
parts 26x to 26z mncludes a row decoder, a column decoder,
a word line, a bit line, a bit line equalize circuit, and an
information signal input/output circuit.

In correspondence to these SRAM array parts 26x,
26y, . .. 26z, driver circuits 210x, 210y, . . ., 210z operating
in synchronization with a clock signal CLK from a clock
generation circuit 250 are provided. The respective driver
circuits 210x to 210z receive control signals from an SRAM
control logic generation part 2104 in common. This SRAM
control logic generation part 210a decodes commands sup-
plied from a processor (CPU) 52 asynchronously with the
clock signal CLK, and brings control signals for activating
operations specified by these commands 1nto active states.
While the internal structure of this SRAM control logic
ogeneration part 21a 1s shown as an example 1n FIG. 22, the
connection mode of logic gates included therein 1s not
restrictive 1n any way. It 1s simply required to have a

function of decoding the commands from the processor
(CPU) 52.

Referring to FIG. 22, further, an SRAM read command
CMD-SR and an SRAM write command CMD-SW are
shown as examples as the commands from the processor

(CPU) 52. As the control signals from the SRAM control
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logic generation part 210q, further, an SRAM word line
selection enable signal SWLE-T, an SRAM sense amplifier
enable signal (SRAM data transfer enable signal) SSAE-T,
an SRAM bit line equalize instruction signal SBLEQ-T and
a buffer read transfer enable signal BRTE-T instructing
reading and transfer of information from the SRAM, and a
buffer write transfer enable signal BWTE-T 1nstructing
transfer and writing of information to and 1n the SRAM are
shown as examples.

The processor (CPU) 52 operates in synchronization with
the clock signal CLK from the clock generation circuit 250,
to process 1nstructions for generating required commands.
The control signals from the SRAM control logic generation
part 210a are supplied 1n common to drive circuits 210x to
210z provided m correspondence to the respective SRAM
array parts 26x to 26z. When the lengths of interconnection
lines from the SRAM control logic generation part 210a to
these driver circuits 210x to 210z are different from each
other, the definite timings for the control signals differ from
cach other 1n different driver circuits 210x to 210z.

The driver circuits 210x to 210z take in the signals
supplied from this SRAM control logic generation part 210a
and generate 1nternal control signals 1n synchronization with
an edge (leading or trailing) of the clock signal CLK
supplied from the clock generation circuit 250, and drive the
corresponding SRAM array parts 26x to 26z. Also when the
interconnection line lengths between this SRAM control
logic generation part 211a and the respective driver circuits
210x to 210z are different from each other, therefore, the
operation timings of the respective driver circuits 210x to
210z are determined by the clock signal CLK, so that the
SRAM array parts 26x to 26z can operate 1n parallel with
cach other at the same timing. These driver circuits 210x to
210z also generate control signals controlling transfer opera-
tions of bidirectional transfer gates provided in correspon-
dence to the respective SRAM array parts 26x to 26z. Thus,
there 1s no need to employ wide interconnection lines for
minimizing interconnection line delay, and area increase by
the interconnection lines can be suppressed. Further, there 1s
no need to perform timing control by the interconnection
line layout or the interconnection line structure in order to
minimize the interconnection line delay, but the intercon-
nection line layout 1s simplified.

FIG. 23 1s a signal waveform diagram representing an
operation 1n the arrangement shown in FIG. 22. In this FIG.
23, an operation in such a case that the processor (CPU) 52
issues a command in synchronization with the leading
(rising) edge of the clock signal CLK while the driver
circuits 210x to 210z take in the control signal from the
SRAM control logic generation part 210a and generate
internal control signals 1n synchronization with the trailing
(falling) edge of this clock signal CLK is shown.

Referring to FIG. 23, the processor (CPU) executes an
Instruction, generates a required command, and issues this
cgenerated command 1n synchronization with the leading
edge of the clock signal CLK for supplying to the SRAM
control logic generation part 211a. This logic generation part
211a decodes the command supplied from the processor
(CPU) 52 asynchronously with (independently of) the clock
signal CLK, and brings a control signal required for com-
mand execution 1nto an active state. From this SRAM
control logic generation part 2114, therefore, a correspond-
ing control signal 1s immediately brought into a definite state
when the command 1s brought into a definite state on the
leading edge of the clock signal CLK (FIG. 23 shows such
a state that the control signal rises to a high level as an
example).
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This control signal from the SRAM control logic genera-
tion part 2114 1s supplied 1n common to the respective driver
circuits 210x to 210z. The driver circuits 210x to 210z take
in this control signal, generate internal control signals and
drive the SRAM array parts 26x to 26z 1n synchronization
with the trailing edge of the clock signal CLK. Theretore, all
driver circuits 210x to 210z can generate the internal control
signals for driving the corresponding SRAM array parts 26x
to 26z at the same timing without being influenced by
interconnection line delay, there 1s no need to provide a
margin for the information transfer timing 1n consideration
of this interconnection line delay, and high-speed 1informa-
fion transfer can be performed.

The driver circuits 210x to 210z can also include so-called
SRAM peripheral control circuit parts generating the control
signals for driving the SRAM array parts 26x to 26z. The
clock signal CLK from the clock generation circuit 250 1s
supplied 1n common to the driver circuits 210x to 210z. At
this time, a contrivance on layout described later 1s made on
a signal line propagating this clock signal CLK 1n order to
reduce 1ts 1nterconnection line resistance, there 1s no delay
of the clock signal CLK to the driver circuits 210x to 210z,
and the clock signal CLK changes at the same timing 1n the
driver circuits 210x to 210z.

FIG. 24 1s a diagram showing an exemplary structure of
an mput stage 1n the driver circuits 210x to 210z shown 1n
FIG. 22. Referring to FIG. 24, the driver circuit input stage
includes a CMOS transmission gate TM made conductive 1n
response to the trailing edge of the clock signal CLK for
passing a control signal ¢Se supplied from the logic gen-
cration part, two stages of invertor circuits V1 and V2
fransmitting an output signal of the CMOS transmission gate
TM, and an 1nvertor circuit V3 inverting an output signal of
the mvertor circuit VI for transmission to an input part of the
invertor circuit V1. The invertor circuits V1 and V3 form a
latch circuit. An internal control signal ¢S1 1s outputted from
the 1nvertor circuit V2.

In the structure shown 1n this FIG. 24, the CMOS trans-
mission gate TM 1s 1in an OFF state and the internal control
signal ¢S1 maintains a precedent state when the clock signal
CLK 1s at a high level. When the clock signal CLK falls to
a low level, the CMOS transmission gate TM conducts, and
the 1nternal control signal ¢S1 changes 1n accordance with
the control signal ¢Se supplied from the logic generation
part 211a. Thus, a driver circuit generating an internal
control signal in synchronization with the trailing edge of
the clock signal CLK 1s implemented.

As this driver circuit mput stage shown in FIG. 24, a
flip-flop utilizing a NAND circuit entering a through state in
synchronization with the trailing edge of the clock signal
CLK and entering a latch state in response to the leading
edge of the clock signal CLK may be employed. Further, the
CMOS transmission gate TM may be provided on an output
part of the mvertor circuit V2.

FIG. 25 1s a diagram showing a modification of the
control signal generation sequence according to the embodi-
ment 3 of the present mmvention. Referring to FIG. 25, the
processor (CPU) issues a command which is brought into a
definite state on the leading edge of the clock signal CLK.
From the processor (CPU), therefore, the command is issued
before a setup time tsu with respect to the leading edge of the
clock signal CLK. This 1s i1dentical to such a state that a
command 1s brought 1nto a definite state on the leading edge
of a clock signal 1n a general clock synchronous memory, for
example. In accordance with the 1ssuance of this command,
a control signal from the SRAM control logic generation
part 1s brought into a definite state asynchronously with the
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clock signal CLK. This control signal 1s brought mto a
definite state at a timing earlier than the leading edge of the
clock signal CLK. The driver circuits take in this control
signal and generates an internal control signal in synchro-
nization with the leading edge of the clock signal CLK.

By making the processor (CPU) issue a command which
1s brought 1nto a definite state on the leading edge of the
clock signal CLK as 1n the sequence shown 1 this FIG. 285,
the driver circuits 210x to 210z (see FIG. 22) can generate
the mternal control signals at early timings without waiting
for the trailing edge of the clock signal CLK, and a higher
speed operation can be 1mplemented.

FIG. 26 1s a diagram schematically showing an on-chip
layout of the microcomputer according to the embodiment 3
of the present invention. FIG. 26 does not show the DRAM,
the bus interface unit (BIU) and the first bidirectional
transfer circuit part.

Referring to FIG. 26, the microcomputer includes the

clock generation circuit 250 arranged on a central portion of
a chip 200. The SRAM array parts 26a, 26b, 26c and 26d arc
dispersively arranged symmetrically about this clock gen-

eration circuit 250 (see the layout of FIG. 21). The driver
circuits 210a to 210d are arranged in correspondence to the
respective SRAM array parts 26a to 26d. Signal line lengths
from the clock generation circuit 250 are made as short as
possible. The processor (CPU) 52 is arranged on the central
portion of the semiconductor chip 200 adjacently to the
clock generation circuit 250, and the SRAM control logic
ogeneration part 2104 included 1 the memory controller 1s
arranged on a region close to this processor (CPU) 52.

A bus 345 1s arranged between the processor (CPU) 52
and the SRAM control logic generation part 211a. The
commands from the processor (CPU) 52 are transmitted
onto this bus 345. The control signals from the SRAM
control logic generation part 210a are transmitted through a
bus 350. This bus 350 1s arranged 1n a U shape enclosing the
clock generation circuit 250 therein, and has branch parts of
a bus 350a for supplying the control signals to the driver
circuit 2104, a bus 350b for supplying the control signals to
the driver circuit 2105, a bus 350c¢ for supplying the control
signals to the driver circuit 210c, and a bus 3504 for
supplying the control signals to the driver circuit 210d.

The clock signal from the clock generation circuit 250 1s
supplied to the driver circuits 210a and 2105 through a clock
signal line 2604, and supplied to the driver circuits 210c¢ and
210d through a clock signal line 260b. In order to minimize
signal propagation delay of the clock signal from the clock
generation circuit 250, the widths of these clock signal lines
260a and 260b arc made as large as possible, or alternatively
a plurality of clock signal lines are arranged 1n parallel with
cach other, and the line widths thereof are equivalently
widened. Due to this contrivance, interconnection line resis-
tance of the clock signal lines 2604 and 260b 1s made as
small as possible.

The control signals for the driver circuits 210a to 210d
may be brought into definite states at a transition time of this
clock signal. To a control signal bus transmitting the control
signals from SRAM control logic generation part 2114,
therefore, no requirement for the control signals transmitted
to the respective driver circuits 210a to 210d to simulta-
neously enter definite states 1s 1mposed. Therefore, this
control signal bus 350 (350a to 3504) may not be subject to
widening of the line width or reduction of the interconnec-
tion line resistance, the interconnection line width can be the
necessary minimum line width, and this interconnection line
layout area increase can be suppressed.

If the definite timings of the control signals from this
SRAM control logic generation part 211a fall behind the
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change timing of the clock signal CLK, the timings for
ogenerating the control signals may be simply advanced as
shown in FIG. 25. This 1s implemented by adjusting the
command output timing of the processor (CPU) 52, or by
making a contrivance of reducing gate delay in the SRAM
control logic generation part 211a as much as possible. Also
in such case, the line width of the control signal bus 350 may
not be equivalently widened, but increase of the occupied
arca of this control signal bus can be suppressed. As timing
control by interconnections, timing control for only the
clock signal may be taken into consideration, and timing
control for the remaining control signals may not be done by
the layout of the interconnection lines. Thus, high-speed
information transfer between the processor (CPU) and the
SRAM can be implemented without layout area increase of
the 1nterconnection lines.

Second transfer circuits (MRB/MWB) are arranged
opposing to the SRAM array parts 26a to 26d adjacently to
the driver circuits 210a to 210d, as shown by broken line
blocks. These driver circuits 210a to 210d generate the
control signals for the SRAM, and hence also generate
control signals determining transfer timings of these second
bidirectional transfer circuits. Also as to the second bidirec-
tional transfer circuits (MRB/MWB), the second bidirec-
tional transfer circuits (MRB/MWB) arranged in correspon-
dence to these SRAM array parts can be operated at the same
timing when the SRAM array parts 26a to 26d are disper-
sively arranged, there 1s no need to take a margin for the
transfer timing 1nto consideration, and high-speed 1nforma-
fion transfer can be 1mplemented.

According to the embodiment 3 of the present invention,
as hereinabove described, the driver circuits generating the
control signals driving the SRAM array parts are operated in
synchronization with the clock signal and arranged 1n prox-
imity to the respective SRAM array parts, whereby the
respective SRAM array parts and the second bidirectional
transfer circuits can be operated at the same timing, and a
high-speed operation 1s implemented.

| Embodiment 4]

FIG. 27 1s a diagram showing the structure of a main part
of a microcomputer according to an embodiment 4 of the
present invention. Referring to FIG. 27, a DRAM read buller
(DRB) 30 and a memory read buffer (MRB) 36 which are
arranged opposingly on both sides of an SRAM 26 are
interconnected with each other through a DRB bus 31 which
in turn 1s arranged on an upper layer of this SRAM 26. This
memory read buffer (MRB) 36 receives information on an
SBL bus 32 connected to the SRAM 26.

The memory read buffer (MRB) 36 includes a selector
360 selecting one of the SBL bus 32 and the DRB bus 31 in
accordance with a selection control signal ¢CSEL, an ampli-
fier 362 amplifying a signal on the bus selected by the
selector 360, a latch 364 latching the signal amplified by the
amplifier 362, and a transfer gate 366 activated 1n response

to a transfer mnstruction signal ¢DBITB for transferring the
signal latched by the latch 364 onto an I'TB bus 35.

This I'TB bus 35 is connected to a data register (DR) 46
and an instruction register (IR) 44. The data register (DR) 46
and the instruction register (IR) 44 are connected to a
processor (CPU) 52 through buses 50 and 48 respectively.

In the structure shown 1n this FIG. 27, a transfer gate or
a transfer buffer (see FIG. 13) provided to a portion on the
SBL bus 32 and the DRB bus 31 1s not shown. The structure
shown 1n this FIG. 27 1s equivalent to a combination of the
embodiments 1 and 2. By selecting one of the SBL bus 32
and the DRB bus 31 by the selector 360, an amplifier

amplifying information on the SBL bus 32 and an amplifier
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amplifying an output signal of the memory read buffer
(MRB) 36 can be made common, and the circuit occupying
arca can be reduced.

The specific structure of the memory read buffer (MRB)

36 shown 1n this FIG. 27 1s equivalent to the structure shown
in FIG. 15. The selector 360 and the amplifier 362 corre-

spond to the selection latch 66, and the latch 364 and the
transfer gate 366 correspond to the amplifier 68.
Alternatively, such a structure that one of the SBL bus and
the DRB bus 1s selected by the selector and coupled to an
amplifier circuit 66a (or 66b) and the resultant amplified
data is latched by a latch circuit 66¢ may be employed (see

FIG. 15) in the selection latch 66.
| Modification |

FIG. 28 1s a diagram showing the structure of a modifi-
cation 1 of the embodiment 4 of the present invention.
Referring to FIG. 28, a level shifter 64¢ which 1s activated
in response to an SRAM transfer activation (enable) signal
OSSAE for holding a signal potential on an SBL bus 32 and
supplying the same to a selector 360, 1s provided on the SBL

bus 32. This level shifter 64c¢ has the same structure as the
level shifter shown in FIG. 19 (this level shifter 64c¢ has the

structure shown in FIG. 19 by 128). The remaining structure
1s 1dentical to the structure shown in FIG. 27, the same

reference numerals are applied to corresponding parts, and
detailed description thereof 1s omitted.

In the structure shown 1n this FIG. 28, the level shifter 64c¢
1s provided on the SBL bus 32, whereby signals can be
transmitted to an amplifier 362 through the selector 360 with
no signal loss 1n transfer of the signals to the SBL bus 32,
and high-speed amplification can be implemented.

Also 1n the structure shown 1n FIG. 28, a transfer buffer
in a DRB bus 31 1s not shown, 1n order to simplify the figure.
A transfer gate (64b; see FIG. 18) between the SBL bus 32
and the level shifter 64c¢ 1s not shown e¢ither.

The selector 360 may be a switching circuit, or a tri-state
buffer brought mto an output high impedance state in
inactivation thereof may be employed. Further, the selector
360 and the amplifier 362 may be implemented by one
circuit as shown 1n FIG. 15.

According to the embodiment 4 of the present invention,
as heremnabove described, the amplifier amplifying the infor-
mation signals transmitted over the DRB bus and the infor-
mation signals transmitted through the SBL bus 32 are
implemented by the same amplifier, whereby the circuit
occupied area can be reduced.

While the present invention has been described in detail,
the present invention 1s not restricted to the aforementioned
embodiments. While the description has been made on the
assumption that the external data bus 1s 16 bits 1n width, the
BIU bus is of 32 bits and the mternal buses (the GIO buses,
the I'TB bus and the SBL bus) each are of 128 bits and the
CPU bus (the IR buses and the DR buses) is of 32 bits (64
bits in total), these bit numbers are arbitrary, and the widths
(bit widths) of these buses are properly set at appropriate
values depending on the application 1n which the micro-
computer according to the present invention 1s employed.

Although the present invention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of illustration and example only and 1s not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. A microcomputer formed on a chip, comprising;:

a data 1nput/output pad;
bus interface circuitry connected to said data input/output
pad through a first bus for making an interface for
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inputting and outputting an information signal through
said data 1nput/output pad;

a first memory connected with said bus interface circuitry
through a second bus for performing transfer of an
information signal mcluding data and an instruction
with said bus interface circuitry;

first bidirectional transfer circuitry with a latch function of
latching an applied signal, and connected to said {first
memory through a third bus for bidirectionally trans-
ferring at least data with said first memory;

second bidirectional transfer circuitry with a latch func-
tion of latching an applied signal, and connected with
said first bidirectional transfer circuitry through a
fourth bus for transferring at least data bidirectionally
at least with said first bidirectional transfer circuitry;

a second memory connected with said second bidirec-
tional transfer circuitry through a fifth bus for perform-
ing transfer of an mformation signal with said second
bidirectional transfer circuitry; and

processor circultry connected with said second bidirec-
tional transfer circuitry through a sixth bus for per-
forming transfer of an information signal with said
second bidirectional transfer circuitry, executing an
instruction included 1n the information signal and trans-
mitting data of a result of execution to said sixth bus.
2. The microcomputer 1n accordance with claim 1,
wherein said first bidirectional transfer circuitry includes:

a first read buffer circuit for latching an information signal
supplied on said third bus for transference to said
second bidirectional transfer circuitry, and

a first write buffer circuit for latching an information
signal transferred from said second bidirectional trans-
fer circuitry for transmission onto said third bus,

said second bidirectional transfer circuitry includes:

a second read bufler circuit for selectively latching an
information signal supplied from said first read
buffer circuit through said fourth bus and said second
memory for transference to said sixth bus, and

a second write builer circuit for latching an information
signal supplied through said sixth bus and for selec-
tively transferring the latched information signal to
said first write buffer circuit and said fifth bus, and

a bus between said second read bufler circuit and said
first read buffer circuit and a bus between said second
write buifer circuit and said first write bufler circuit
are provided separately from each other.

3. The microcomputer 1n accordance with claim 2,
wherein said second read buflfer circuit includes means for
amplifying and transferring latched information signal.

4. The microcomputer in accordance with claim 1,
wherein said second bidirectional transfer circuitry 1s
arranged between said second memory and said processor
circuitry.

5. The microcomputer in accordance with claim 4,
wherein said first memory 1s arranged between said bus
interface circuitry and said first bidirectional transfer
circuitry, and

said first bidirectional transfer circuitry i1s arranged
between said first memory and said second memory.
6. The microcomputer 1n accordance with claim 4,
wherein said fourth bus 1s arranged extending over said
second memory, said first bidirectional transfer circuitry and
said second bidirectional transfer circuitry are arranged
opposing cach other with respect to said second memory.
7. The microcomputer in accordance with claim 1,
wherein said bus interface circuitry includes a plurality of
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subbus interface circuits containing therebetween said pro-
cessor circuiltry, said first memory, said second memory, said
first bidirectional transfer circuitry and said second bidirec-
tional transfer circuitry dispersively on a peripheral portion
of said chip.

8. The microcomputer 1n accordance with claim 1,
wherein the first to sixth buses are provided separately from
cach other.

9. The microcomputer in accordance with claim 1,
wherein a bus width of said first bus 1s smaller than a bus

width of said second bus.
10. The microcomputer 1in accordance with claim 1,
wherein said bus interface circuitry includes
first selection transfer circuitry for latching an information
signal supplied through said second bus and selectively
outputting the latched information signal to said first
bus, and
second selection transier circuitry including latch circuits
of a number equal to a bus width of said second bus, for
selectively latching an information signal supplied
through said first bus 1n said latch circuits, and output-
ting the latched information signal to said second bus.
11. The microcomputer 1n accordance with claim 1,
wherein said second memory includes a plurality of memory
units symmetrically arranged dispersively on said chip, and
whereln
said microcomputer further comprises:

a plurality of control signal generation means arranged
in proximity to the respective plurality of memory
units for generating control signals controlling
operations of the corresponding memory units.

12. The microcomputer 1n accordance with claim 1,
wherein said second memory includes a plurality of memory

units arranged on said chip, and wherein

said microcomputer further comprises:

clock signal generation circuitry arranged on a portion
of said chip 1n the center of said plurality of memory
units, for generating a clock signal,

control signal generation circuitry for decoding a com-
mand from said processor circuitry to generate a
control signal for controlling an operation of at least
sald second memory in accordance with a result of
decoding, and

a plurality of drive circuits arranged 1n proximity to the
respective memory units, for taking in said control
signal 1n synchronization with said clock signal and
driving corresponding memory units 1 accordance
with the taken 1n control signal

wherein said plurality of memory units are symmetri-
cally dispersed with respect to said clock signal
generation circuifry.

13. The microcomputer in accordance with claim 12,
wherein said second bidirectional transfer circuitry com-
prises a plurality of bidirectional transfer buffer circuits
arranged 1n correspondence to the respective memory units,
and each of said plurality of drive circuits 1s arranged
between a corresponding memory unit and a corresponding
bidirectional transfer buffer circuit.

14. The microcomputer 1in accordance with claim 1,
wherein said second bidirectional transfer circuitry includes:

a selector circuit receiving an mmformation signal trans-
ferred from said first bidirectional transfer circuitry and
an mformation signal read from said second memory
for selectively transmitting the received information
signals, and

an amplifier circuit for amplifying an information signal
from said selector circuit for transmission to said sixth
bus.
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15. The microcomputer 1n accordance with claim 1,
further comprising:

a clock generation circuit generating a clock signal,

control signal generation circuitry operating indepen-
dently of said clock signal, for decoding a command
from said processor circuitry to operate said second
memory 1n accordance with a result of decoding, and

driver circuitry arranged between said second bidirec-
tional transfer circuitry and said second memory 1in
proximity to said second memory for driving said
second memory 1n synchronization with said clock
signal and 1n accordance with a control signal from said
control signal generation circuitry.

16. The microcomputer 1n accordance with claim 1,

wherein said processor circuitry icludes:

a processor executing a supplied instruction and forming
data representing a result of execution,

an 1nstruction register connected between said processor
and said sixth bus for latching an instruction included
in an information signal on said sixth bus for transfer-
ence to said processor, and

a data register including means for latching and transfer-
ring a supplied data signal and connected between said
processor and said sixth bus.

17. The microcomputer in accordance with claim 16,

wherein said instruction register includes:
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latches of a number equal to a bus width of said sixth bus,
and

a selection circuit for selectively transferring an informa-
tion signal latched by said latches to said processor, and

said data register includes:

data latches of a number equal to a bus width of said
sixth bus, and

data selection circuit for selectively connecting said
data latches to said processor.

18. The microcomputer in accordance with claim 16,
wherein a bus width of a bus between said data register and
said processor 1s smaller than the bus width of said sixth bus
and a bus width of a bus between said instruction register

and said processor 1s smaller than the bus width of said sixth
bus.

19. The microcomputer in accordance with claim 16,
wherein each of said bus interface circuitry, said first
memory, said first bidirectional transfer circuitry, said sec-
ond memory, said second bidirectional transfer circuitry,
said 1nstruction register and said data register includes a
plurality of subunits mirror-symmetrically arranged with
respect to said processor.
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